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Abstract

This report is a compilation of the volumes of the National Nuclear Energy
Series (NNES). The report consists of: a selection of original prefaces from
the NNES, a summary table of all of the NNES volumes, and a large
appendix containing the table of contents of each volume.
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EEEeee——

ABOUT THIS COMPILATION

This report is a compilation of the volumes of the National Nuclear Energy
Series (NNES). The report consists of: a selection of original prefaces from
the NNES, a summary table of all of the NNES volumes, and a large
appendix containing the table of contents of each volume.

The Natjonal Nuclear Energy Series (NNES) was originally planned in 1945
as a means for obtaining a comprehensive formal record of the results of
research and development programs and resulting scientific and technical
advances that were accomplished by the Manhattan District. It was also
visualized as a continuing program to record the results of the work of the
Project when the Atomic Energy Commission assumed control. The NNES
preface and the Introductory Note to NNES Division IV provide considerable
historical insight into the intent of the series, and are reproduced in this
report.

Perhaps the most interesting information in the NNES is that discussing
early work in uranium enrichment and reactor theory. Many volumes on
these subjects are of an engineering nature, providing significant theoretical
and practical details. Most of these volumes were originally classified.
Some, notably those discussing electromagnetic isotope separation, have
since been declassified; others, mainly those discussing gaseous diffusion,
remain classified at the date of this report.

The Introduction to the NNES, which appears in each NNES volume and is
reproduced in this report, states that the NNES was expected to consist of -
approximately 100 volumes when completed, but none of the individual
NNES volumes list these 100 volumes. Because of the unique and historic
nature of the information in the NNES and its relevance to nuclear
proliferation, we believed that it would be useful to the community to
identify and catalog all volumes of the NNES.

The unclassified NNES volumes are well known in the open literature.
Indeed, MIMC (then a division of Pergamon Press) has made the unclassified
volumes available on microfilm. (The Kansas State University Library,
Manhattan KS, has a complete set of these films.)

The classified (as well as the unclassified) NNES volumes are catalogued in
USAEC Report TID-373, which is a largely accurate representation of the
final status of the NNES. However, TID-373 lists proposed volumes that
were never actually written, and there a small number of volumes that were
later written but are not listed in TID-373 because they had not yet been
proposed. Additionally, both TID-373 and the preface to NNES Division IV .
imply that the Los Alamos Technical Series (LATS) was intended to become
NNES Division V. However, for security (classification) reasons, the LATS is
not catalogued in TID-373.
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As a result of this research, we identified 62 unclassified volumes, 17
classified volumes, and 21 volumes that were proposed but apparently never
written. There are an additional 14 classified volumes in the LATS. Of the
21 unwritten volumes, some were intended to be compilations of individual
papers, and sufficient proposed table-of-contents information exists for five
of those volumes that they could be compiled.

Appendix F of this report reproduces the unclassified and OUO tables of
contents of the NNES volumes. It is because of the omission of classified
information that this volume is entitled AN ABRIDGED COMPILATION. A
classified companion report to this report includes the classified titles and
tables of contents.

REFERENCES

Outline of Volumes in the National Nuclear Energy Series, Technical
Information Service, Oak Ridge, TN, report TID-373 (Jan. 1953) (S).

Qutline of Volumes in the National Nuclear Energy Series, Technical
Information Service, Oak Ridge, TN, report TID-373 (Suppl.) (Jan. 1953) (S).

This report includes only the classified titles and tables of contents of NNES,
division II. '

NNES Published Declassified Volumes, Technical Information Service, OQak
Ridge, TN, report TID-5103 (1953) (U). This volume is a subset of TID-373.

Edward F. Hammel, Documents and Related Materials Associated with the
Contents and the Origin of the Los Alamos Technical Series, Los Alamos
National Laboratory, report LA-13100-H (April 1996), and references
therein. :

Nancy P. Orlando, James R. Brangan, and Jonathan Wise, The National
Nuclear Energy Series: A Compilation, Sandia National Laboratories, report
SAND99-1113 (May 1999) (SRD) ,

Pergamon Microforms International Marketing Company (MIMC), (Elmsford
NY) advertisement. This ad is reproduced in E.F.Hammel, LA-13100-H.

R.E. Zirkle, National Nuclear Energy Series, Division IV: Arrangement of

Collected Papers in Radiobiology for Publication, Argonne National
Laboratory, report ANL-5003494; AEC report DE85003494 (March 1948).

All information in this report is also included in TID-373.
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APPENDIX A: NNES Preface

‘This volume is one of a series which has been prepared as a record of
the research work done under the Manhattan Project and the Atomic Energy
Commission. The name Manhattan Project was assigned by the Corps of
Engineers, War Department, to the far-flung scientific and engineering
activities which had as their objective the utilization of atomic energy for
military purposes. In the attainment of this objective, there were many
developments in scientific and technical fields which were of general
interest. The National Nuclear Energy Series (Manhattan Project Technical
Section) is a record of these scientific and technical contributions, as well as
of the developments in these fields which are being sponsored by the Atomic
Energy Commission.

The National Nuclear Energy Series, when completed, is expected to
consist of approximately 100 volumes. These will be grouped into ten
divisions, as follows:

Division 1 - Electromagnetic Separation Project
Division 1I - Gaseous Diffusion Project

Division 1II - Special Separations Project
Division IV - Plutonium Project

Division V - Los Alamos Project

Division VI - University of Rochester Project
Division VII - Materials Procurement Project
Division VIII - Manhattan Project

Division IX - Thermal Diffusion Project

Division X - Centrifuge Project

Soon after the close of the war the Manhattan Project was able to give
" its attention to the preparation of a complete record of the research work
accomplished under Project contracts. Writing programs were authorized at
all laboratories, with the object of obtaining complete coverage of Project
results. Each major installation was requested to designate one or more
representatives to make up a committee, which was called first _the
Manhattan Project Editorial Advisory Board and later simply the PI‘O_)fBCt
Editorial Advisory Board. This group was planned to coordinate the writing
programs at all installations and to act as an advisory group in all matters
affecting the Project-wide writing program:.
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Atomic Energy Commission.
Public and Technical Information Service
Technical Information Division,
Oak Ridge Extension
Office of New York Operations

Brookhaven National Laboratory

Carbide & Carbon Chemicals Corporation (K-25)

Carbide & Carbon Chemicals Corporation (Y-12)t
Clinton Laboratories ¥
General Electric Company, Hanford
General Electric Company, Knolls Atomic
Power Laboratory -

Kellex Corporation
Los Alamos

National Bureau of Standards
Plutonium Project
Argonne National Laboratory
Iowa State College
Medical Group
SAM Laboratories §
Stone & Webster Engineering Corporation

University of California

University of Rochester

The names of the Board members and of the installations which they
represented are as follows:

Alberto F. Thompson
Brewer F. Boardman

Charles Slesser, J. H. Hayner,
W. M. Hearon"

Richard W. Dodson

R. B. Korsmeyer, W. L. Harwell,
D. E. Hull, Ezra Staple

Russell Baldock

J. R, Coe

T. W. Hauff

J. P. Howe

J. F. Hogerton, Jerome Simson,

M. Benedict

R. R. Davis, Ralph Carlisle
Smith

C. J. Rodden

R. S. Mulliken, H. D. Young
F. H. Spedding

R. E. Zirkle

G. M. Murphy

B. W, Whitehurst

R. K. Wakerling, A. Guthrie

D. R. Charles, M. J. Wantman

* Represented Madison Square Area of the Manhattan District.

t The Y-12 plant at Oak Ridge was operated by Tenncssee Eastman Corporation until
May 4, 1947, at which time operations were taken over by Carbide & Carbon Chemicals
Corporation

¥ Clinton Laboratories was the former name of the Oak Ridge National Laboratory.

§ SAM (Substitute Alloy Materials) was the code name for the laboratories operated by
Columbia University in New York under the direction of Dr. H. C. Urey, where much of the
experimental work on isotope separation was done. On Feb. 1, 1945, the administration of
these laboratories became the responsibility of Carbide & Carbon Chemicals Corporation,
Research in progress there was transferred to the K-25 plant at Oak Ridge in June, 1946,
and the New York Laboratories were then closed.
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Many difficulties were involved in preparing a unified account of
Atomic Energy Project work. For example, the Project Editorial Advisory
Board was the first cornmittee ever organized with the representatives from
every major installation of the Atomic Energy Project. Compartmentation
for security was so rigorous during the war that it had been considered
necessary to allow a certain amount of duplication of effort rather than to
permit unrestricted circulation of research information between certain
installations. As a result, the writing programs of different installations
inevitably overlapped markedly in many scientific fields. The Editorial
Advisory Board has exerted itself to reduce duplication in so far as possible
and to eliminate discrepancies in factual data included in the volumes of the
NNES. In particular, unified Project-wide volumes have been prepared on
Uranium Chemistry and on the Analysis of Project Materials. Nevertheless,
the reader will find many instances of differences in results or conclusions
on similar subject matter prepared by different authors. This has not
seemed wholly undesirable for several reasons. First of all, such
divergencies are not unnatural and stimulate investigation. Second,
promptness of publication has seemed more important than the removal of
all discrepancies. Finally, many Project scientists completed their
contributions some time ago and have become engrossed in other activities
so that their time has not been available for a detailed review of their work
in relation to similar work done at other instailations.

The completion of the various individual volumes of the series has
also been beset with difficulties. Many of the key authors and editors have
had important responsibilities in planning the future of atomic energy
research. Under the circumstances, the completion of this technical series
has been delayed longer than its editors wished. The volumes are being
- released in their present form in the interest of presenting the material as
promptly as possible to those who can make use of it. '

As many as possible of the volumes have been declassified for general
distribution. Reproduction of this classified edition has been approved only
for limited circulation within the Atomic Energy Project, and circulation of
this edition must be closely limited to facilities and personnel definitely
associated with work done for the Atomic Energy Commission. The
negatives from which the limited edition is prepared will be preserved and
will be available for publication of a public edition at such time as such
action is determined to be consistent with the national security.

The Editorial Advisory Board
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APPENDIX B: NNES Division IV Foreward

. Since the discovery of practical means of utilizing the energy of the
atomic nucleus, a large and complex atomic energy industry has begun in
the United States. As a result of conditions in the world, external to the
United States, the requirements of national security have been paramount
in our development of this industry thus far. Constant and increasing
attention, however, has been given to the problems of economic nuclear
power and to the medical and industrial applications of radioactive
materials with a view toward “improving the public welfare, increasing the
standard of living, strengthening free competition in private enterprise, and
promoting world peace.” To this end the Atomic Energy Commission has
sought the most effective means to accelerate the practical exploitation of
nuclear data by American science and industry. The National Nuclear
Energy Series is designed to provide for scientists and engineers as
comprehensive a source of such data as is possible. The scope of the
information presented in these volumes is a measure of American
achievements to date in the field of atomic science.

Lewis L. Strauss, Chairman
U.S. Atomic Energy Commission
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APPENDIX C: Plutonium Project Record Foreward
(reproduced from NNES - IV - 12)

This report is a technical account of information collected while
developing methods for producing plutonium. Some of the information
deals directly with nuclear physics and chemistry. Most of it is related
rather to technical processes that needed to be performed in preparation for
making the plutonium. These publications represent selections from the
great mass of current reports, made on the basis of their value to basic
science and technology.

The current technical reports, written during the war years, were
essential to the active work of the plutonium project. They supplied needed
data and calculations to those who were plannirig the new processes.
Selecting from this mass of records the most reliable data and presenting
them in a useful formm has been an enormous task, for which the writers and
editors of these volumes deserve the sincere thanks of their scientific
colleagues. Many fields of science and technology will develop more rapidly
because of this knowledge.

The efforts of the men who did this research resulted in the successful
production of atomic bombs, which shortened the war and saved the lives of
many of their comrades. But in the long view of history it is probable that
the major human heritage from their work will not be this quick victory. It.
may not evén be the useful applications of atomic energy, which was first
presented as a Promethean gift to man. It is not likely that the scientific
information in these pages may be the starting point to new reaches of
knowledge, which will give to man an understanding that will truly enrich
his life

Arthur H. Compton
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APPENDIX D: Introductory Note on the Plutonium Project Record
(NNES Division 1V is the Plutonium Project Record)

Organization and Record of the Metallurgical Project. The Plutonium
Project Record, which forms Division IV of the National Nuclear Energy
Series (NNES) is the scientific and technical record of the former
Metallurgical Project. The project had its origin in work carried on in 1940-
1941, mainly at Columbia and Princeton on the development of the chain-
reacting pile and at the University of California at Berkeley on the
production and chemistry of transuranic elements. In January 1942 this
work was concentrated in the newly organized Metallurgical Laboratory at
Chicago under the leadership of A. H. Compton. The Metallurgical Project
grew out of the Metallurgical Laboratory. The initial objectives of the
Metallurgical Laboratory were (1) to develop chain-reacting piles to produce
plutonium and (2) to develop fission bombs. Major associated units were .
organized in 1942 at Jowa State College at Ames, Jowa (chemistry and
metallurgy) under F. H. Spedding; at the University of California at
Berkeley, Calif. (chemistry) under W. M. Latimer and E. D. Eastman,
continuing the previous work there; and at Massachusetts Institute of
Technology (metallurgy) under J. Chipman and later M. Cohen. Early in
1943 the work on fission bombs was transferred to an independent project
at Los Alamos.

After the successful demonstration of a nuclear chain reaction in the
West Stands pile at Chicago in December 1942, the Argonne Laboratory
with its experimental pile was built west of Chicago, and the Clinton
Laboratories with their pilot-plant pile were built at Oak Ridge, Tenn. — both
in 1943. The three major laboratories at Chicago, Argonne, and Clinton, the
associated laboratories at Ames, Berkeley, and M.I.T., and some seventy
other cooperating groups then constituted the Metallurgical Project, under
A. H. Compton as Project Director. Closely cooperating in the transition
from laboratory and pilot-plant to large-scale operation was E. I. du Pont de
Nemours & Company, which was made responsible for the design and
construction of the Clinton pile and for the design, construction, and
operation of the Hanford Plutonium Plant. The Project continued as such
until June 30, 1945, when it was dissolved.

The Plutonium Project Record (PPR) covers most of the scientific and
technical work of the Metallurgical Laboratory and the Metallurgical Project
up to the date of the dissolution of the Project, and also the continuation of
this work in the successor laboratories up to approximately Jan. 1, 1946 or
in some cases to a later date. In addition, the PPR covers in part the pre-
1942 work at Columbia, Princeton, and Berkeley. The record of the work
directly leading up to the Los Alamos Project, however, is omitted.
Nevertheless the PPR and the Los Alamos Technical Series (Division V of the
NNES) cover closely related and in part overlapping subject matter in some
of their volumes, particularly in nuclear physics and in chemistry and
metallurgy of plutonium. '
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Important phases of the work of the Metallurgica.} Project that are not
reported in the PPR but will be reported elsewhere In the NNES are atS
follows: (1) Division VII, the report of the Materials Procureme'n.t PrOJCC )
includes certain early work on process metallurgy. (2) The Division VIl
NNES volumes on Analytical Chemistry, which developed from tx:vo volurpes
originally planned as part of the PPR, contain much Metallurglf:a}l ‘PrOJeCt
work, including one complete Collected Papers volume. (3) The Division VIII
NNES volumes on Uranium Chemistry, which were planned and cax.'rled out
under the supervision of the PPR editorial group, likewise contain much
Metallurgical Project work, including one complete Collected Papfars volume.

History and Plan of the Plutonium Project Record. Durl.ng the war
years the scientific and technical work of the Metallurgical Project and its
associated laboratories was described currently in a series of reports called
the “C reports.” The work up to July 1, 1945 was described in some 3,000
reports. After that date the Clinton Laboratories reports became a separate
series, but reports of the other units of the former Metallurgical Project
continued to be issued as C reports. Most of the C reports were preliminary
or semifinal reports. The main consideration during the wartime
development was speed of issue and distribution. '

As the mass of scientific and technical knowledge obtained on the
Project piled up, an increasing need was apparent for its digestion into
survey or summary form. In partial answer to this need, an editorial group
was set up in the spring of 1943 to organize a Project Handbook. Although
never fully completed because of the engrossment of authors in immediately
- urgent tasks, and because of the transfer of many of them to other sites,
enough of the Project Handbook was finished to be of real value.

By the summer of 1944, the Metallurgical Project had largely
concluded its major task, that of providing the scientific and pilot-plant
know-how. for the design of the large-scale Hanford Plutonium Plant. The
time seemed ripe to plan a series of volumes in which the Project’s fund of
accumulated scientific and technical knowledge would be recorded. These
would replace the often sketchy and sometimes mutually contradictory C
reports and fill many gaps of unwritten knowledge. In the early planning,
Laurence L. Quill as Chief of the Editorial Section of the Project Information
Division during the summer of 1944, Eugene Rabinowitch, and H. H.
Goldsmith made important contributions. After several committee meetings,
a plan for the preparation of a Metallurgical Project Record was approved by
the Project Director in the fall of 1944. Later, in 1945, the name was
changed to Plutonium Project Report or Record (PPR).

When the PPR was organized, rigid compartmentation was still in
effect between the Metallurgical Project and the other Manhattan District
projects. Members of.each project were in general not supposed to know
even the major objectives or main outlines of the other projects. The PPR
had therefore to be planned as an independent entity. Nevertheless, at its
inception the idea was firmly held that later on the Record should become
part pf a larger series covering the work of all the atomic energy projects.
This idea was repeatedly advocated and led in late 1945 to the plan for the
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Manhattan Project Technical Series (MPTS), a name which "”asl\{ll\lnEaély
revised to the present designation of National Nuclear Energy Series (ND ).f

The general plan of organization of the PPR was that of a series o
some twenty Survey volumes, called “A volumes,” each documented by“a
like-numbered Collected Papers volume {or volumes); these were called. B
volumes.” In general, following somewhat a pattern.set. by the Pro_].ect
Handbook, a Survey volume was planned for each scientific or techn1§a,1
subject to which the Metallurgical Project had made sufﬁglently major
contributions. Each Survey volume was intended to be a fairly comp!ete
review or monograph {or else a collection of review cl.lap.)ters) on the 'S‘le_]CCt
field. it was planned to cover work done both yv1th1n and outside Fhe
Metallurgical Project, though with primary emphasis on the former, outside
work being included only for the sake of accuracy and completeness.

In contrast to the Survey volumes, each Collected Papers volume was
designed to consist of individual papers, mostly from individual laboratories
and more or less similar to articles in the scientific journals; they were to
include only work done within the Project. In planning the PPR, it was
realized that some of the Survey volumes would overlap with_ pf)ss1b1-e
volumes of other projects, but because of compartmentation restnctlons., it
was decided to proceed in general with the plan as outlined. An exception
was the field of uranium chemistry, where it was obvious that all the major
projects were making important contributions. In this field, a Handbook of
Uranium Chemistry was planned early in 1944, to be edited and written at
the Metallurgical Laboratory at Chicago, but as a cooperative effort of all the
projects, and based on a full interchange of information among them. When
the Record was organized, this volume was tentatively included as one of
the PPR Survey volumes, to be accompanied by a corresponding Collected
Papers volume covering Metallurgical Project work only. Later, when the
MPTS (now NNES) was organized, these volumes, with the addition of
Collected Papers from the other projects, were transferred to the over-all
Division (Division VIII) of the technical series. In the field of analytical
chemistry, a Survey volume and a Collected Papers volume were planned for
the PPR and were well on their way toward completion. When the MPTS was
organized, the content of these volumes was pooled with the work of other
projects of the Manhattan District to form Survey and Collected Papers
volumes of Division VIII of the MPTS. In certain other fields, pooling of
material from the different projects was also considered but was felt to
involve too large a task of reorganization.

Because of the wide variety of subject matter, the organization of the
PPR into Survey volumes, each accompanied by one or more Collected
Papers volumes, is not always consistently followed. There are a few
Collected Papers volumes without corresponding Survey volumes, and the
converse is also true. Furthermore, the form of organization varies
considerably from one volume to another because of the varying subject
matter and the preferences of the different volume editors and committees.

When the PPR plans were approved toward the end of 1944, the
completion deadline for the manuscripts was set for June 30, 1945, the date
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of dissolution of the Metallurgical Project. Most of the PPR volumes were
organized into three groups: (1) chemistry and metallurgy; (2) physics and
related engineering; (3) biology and medicine. The first task was to obtain
volume editors and editorial committees for the various volumes, to plan the
contents, and to find authors. John C. Warner, as chemistry editor of the
PPR and Chief of the Editorial Section of the Project Information Division
from December 1944 to June 30, 1945, made decisive contributions to the
chemistry and metallurgy volumes and to the general planning of the PPR.

The organization of the volumes on physics and on biology and
medicine went more slowly, partly because the subject matter was then less
ripe for writing than was that on chemistry and metallurgy, partly because
of the demands for continuing research and, in the field of instrumentation,
for production of instruments to be used at Los Alamos, Hanford, and other
sites. Eugene P. Wigner, Frederick Seitz, and H. H. Goldsmith took an active
part in the early organization of the physics volumes. Plans for the volumes
on biology and medicine were very effectively organized by Raymond E.
Zirkle as PPR editor for these fields, with the backing of Robert S. Stone as
Associate Project Director for Health. Hoylande D. Young entered the PPR
program as Technical Editor in charge of final editing and processing of
manuscripts, and after June 30, 1946, became General Editor.

After the organization of the PPR, steady progress was made in the
work of writing and editing, but as a slower pace than was originally hoped.
The dissolution of the Project on June 30, 1945, with the readjustments and
administrative problems involved in a 50 per cent cut of total personnel; the
end of the war after the bomb was dropped in August and the subsequent
deep. preoccupation and extensive activities of Project personnel in
connection with the social and political implications of atomic energy and
atomic warfare; new research and planning directed toward the postwar
continuation of the atomic energy program; all these slowed the progress of
the PPR writing program. During this difficult period, invaluable
encouragement and support of the PPR program came from, among others,
Norman Hilberry, Associate Director of the Metallurgical Project up to the
time of its dissolution, and Farrington Daniels, Director of the Metallurgical
Laboratory in 1945-1946.

‘ Meantime, other projects in the Manhattan District group began the
preparation of final accounts of their work. In particular, the Los Alamos
Technical Series was begun in 1945. Finally, the MPTS (now the NNES) was
organized under the Manhattan District Editorial Advisory Board late in
1945. Under the chairmanship of Alberto F. Thompson, as Chief of the
Publications Section of the Research Division of the District, this group
began the task of coordinating existing writing activities and filling the.gaps
in these, with the objective of producing a reasonably well-rounded series of
volumes covering the work of the entire District. During early 1946, rules for
declassification were set up, and the editors of the MPTS v-olumes faced_the
difficult task of dividing the subject matter of t‘helr volumgs into
declassifiable parts, publishable immediately, and classified parts, for which
publication must be deferred. In June 1947 the completion of the editorial
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work of the PPR, as part of the NNES, was taken over by the Technical
Information Division of the Atomic Energy Commission, at Oak Ridge, Tenn.

In addition to those named above, many other project members
worked together in planning the PPR. After the general plans were made, the
actual work of preparing the various volumes was in the hands of the
volume editors, volume editorial committees, and authors, as described in
the prefaces of the individual volumes.

Robert S. Mulliken

Editor-in-Chief
Plutonium Project Record

Page 16 of 173



€LTJO 41 9%ed

JPLsd UM
Tenureg ‘f uwly
NUON "M'D
‘0128 xouy 'y quely
-qil ywoday (Ovasn) 0S61 PAUsTqNd n/s pueulioN 'dO saNbIUYIS], pue SWIqOI] WNNOBA 11-1
H12S uospnH "q'd SEET
-arl, voday (OvASN) 2861 pusiiqnd n/s soopred MO pue s)uB], 1oy yuswdinby 1esL3dopy 01-1
‘1128 uBl[Iesd AtreHq :
-aig 1odsy (0AVSN) 1561 PAUsland n/s Jounuul ‘af swa[qoid a8eoA-YIIH 6-1
. 11elg Aaduney)d
SYIaNOBN "W'S
‘6128 saureg
-q1l 1oday (Davsn) 1661 pPausiiqnd n/s H Inquy 30IN0g UO] dy3 Ul sJISAYd jO sw3|qold 8-1
‘CETC agBARG
-q1l 1oday (DAVSN) 1561 pausliqnd n/s As1som "H sjrun uonnie) ul sadojos] Jo uoneredag L1
uww>.mw %v.nwoa ‘H pue xooﬁ—dm =0ww3m .whoa:u@ ‘uoroag Co_umuoeoo usuil}sey 998S9UUl ],
'B1CS WPNH 'Y . suonnred
-arl wodsy (DAvVSN) 6461 PAUsSHANd n/s Sunraem Ny ut 95(] 10§ SI0JII[OD PUE SIOINOF 9
Fuipayem MY spRiy onaude| ur sadreyosiq
(IR-MBIDoW) 6461 PAYSIANd n aumno 'y [B211303]F JO SOnsHA0BIRYD ], S-1
ALZS . aupny 'y sanuIuEBNQ) JelaWmo)
-drl ¥oday “(0AVSN) 1561 PaUsiqnd n/s Suntaem ¥y ul sadojos] Jo uoneredag dnaudewonoad R
‘91ZS auyIngy Yy
-q11 Hoday “(OAVSN) 6461 pPaysIand n/s dumasyem A suonne) 10§ S}N2IIY resLnddd £-1
‘S12ZS uraaem Ny sanbruyog],
-q11, Hoday '(DAVSN) 661 PaUsiand n/s suyIny 'y .Bunmsespy onjeude]y pue sjoudBp (!
"Gp-dg 130day "1-1-SANN Jo 13ideyd g 'ud
reuonippy "(OAVSN) 2561 pauslqnd n/s ysng "d'M sanbruyos, euoneladQ 'g 193deyd 1-1
Auiayem YA
‘(MIH-MBIDOW] 6461 PIUSHANd n sLpNy Y sonbiuyoay, pue jusirdinbzy wnnoep -]
SunIa e, MY JoNpY 'uonoss Al0jeloqe] Uuonelpey BruIgled Jo Alsiaaiun
1OFr0¥d NOLLVEVIAS DILANDVINOULOATA - I NOISIAIA
juaIn) f1ej3rul
sjudmItIo) TOTIVIPISTR[D s10TIny SNLL dmnjoA

sominjop sapag £31ouyg sesony jeuociyey jo Aremwng (¥ XIANAILY



€1 Jo 81 9ded

=
L
N
5
Tovasn) 9v61 eIp paysiqudun n/s  Isiauyaum e Suuesurduyg [BIWYD gS1-1
‘Ovasn) 9v61 eIp paysnqndun n/s smyamym ‘m'd wo)sAg wnndep VySi-1
{ovasn) 9p61 yeIp paysnandun D\ S smyamym ‘m'g justidojaas SULPAUISUY [BIIUID avi-1
OVvaSN) Ob6 1 WRIP paysyqnduf n/s smysiym m'd JTuomdo[249(] SULI3aUIBUY [BIIUID) Vb1-1
Yroqpuens ‘a D pue ‘s9ppaD 71y ‘Uewa[o) A0 [ 34eYD LD 1o8WSIoBIY Al ISINYNYM M € SI011PH
-uonosg uogelodic) Bulleautdusd 191Sq3p PUE JU0IS
‘€1TS wnyueI(] jo uonisodwod
-1l 1oday (OvASN) 0S61 paysiand n/s uoRWE] "Y'V " ordojos] 913 JO UCHBULIISIST el-1
: AEL "HY
Isxosyons ‘M
13peIydg [y
19)SeWUI O]
NANAY ‘d'H ss9201g uoneredag opoudeoNnddd
-qrL 10day "(OVASN) 1S61 pausqnd n/s uply.'y'O rusudinbyg Fulssa0014 [eIUUD (4%
juamm) /el
S3UdWUI0) uo3eI[LIsEID sIoqINY . . ML smmjoA




€410 61 93ed

(b)@2)High




€LT Jo 0T 98ed

WNBqUIYSI]
10pIs]
£3111°D proreH
Aydmp
"(IIH-#eI1DOW) SS61 paysiiand n ‘W 931030 191em LneaH Jo uononpoid db-111
Key *s pioreq
A3uo[B]N
‘Oavsn) 1561 paystiqnd n/s ‘O 'saurgp Jajem A1BoH JO UOTIONPOL [BIOIUWILIOD aAp-1
4310 "D ploteH
10148, 'S UBNH
Jojfe], "H UOSHIA
sLIop "0 931090
'8€TH-AOAY Jjoulpty $358300.d
woday '(DAYSN) 1561 PayYsiand n/s 1 [[PMXEIN uoneredag J10j saIpn}§ Arojeroqe] av-ll
spunoduro)) UadoIpAy
“(IIH-MBIDOW) 6461 PaUSQng N flequpy "H 391V AngdH uo Yd1easy jo Aydeldolqrg Op-1II
‘922S WnBquaysIny
-allL 10day *(DAYSN) 1661 paysiqnd n/s 10p1s] 1318 AABIH jJo uomeZIMIN ab-111
wnequaysiny 1378 M
‘(luH-me1noW) 1S6T Paysnand n lopls] AaesH Jo sisfreuy pue saipedold resisfyd V-1l
"$2TS “1p ‘uosuryoIng sadojos]
-q1L Hoday “(DAYSN) gs6T Paysnand n/s 'Y 3PAID wniueln ayj jo uoneredag [eanuay) €11
uedung ‘JA'qg'vY spunoduo)
‘(INH-MeIDOW) 6b61 PaUSIand n - a9¥elg 'H'D wmrurel() jo sansodosg oidoosoroedg Z-l
‘V1-1II-SENN Jo uolsIaa sez]
PaBpLIgB PaIJISSBIOUN UB ST 3lON[0A Jo uononpoid a[Bag-adre] ay) o3 papddy
SIYL '(ITH-MBINOW) TQRT DaUSNATLI n uauoN 1 LMy en 1tnmemAdac admner 1a {rAATTT AT ~rorrr
c
W
~N
g
DF—CL:E b2l .t.OLC.tC ..—C«—muw._.
SLOHArOdd NOILWIVAIS TVIOHES - 111 NOISIAIQ
"1SIX2 ( 10 y saoipuaddy jeyy suonn[og ajeuoqre)
30U3apIsd ON ‘91 -[]-SANN 031 xtpuadde uoydwo) "'a-n wnipos £q spuonjyexsi] wmiueln O 'xddy
[euonippy "(08VSN) 6+61 paustiqnd n/s suof 'D'D pure sunionyg Jo uondiosqy ') xrpuaddy -91-11
jTa1m) /ref3ul
S3uIWWOD vopeaysssy) sioqny ML smnioA




€11 Jo 1 9884

. ‘pascdord.
J9A9 SBM JWITL[OA STU] 18] 30UIPIAa ON V/N V/IN . V/N L-Al
5
L
N
5
‘poscdoad . .
19A9 SBM JWUN[04 SIY] JEY) IOUIPIAI ON v/N v/N V/N b-Al
-pasodoud .
1949 Sem IWN|0A SIYI TeY] 92U3Plad ON v/N V/N V/N gE-Al
‘038oIyD
Jo "atun) M pajerie sem S1aquiam
unep UiATY "paysiiqnd 10 uaium sBm . usisag pue saIsAyg
11 38Y} 93u3apla? ou ‘suinjoa pasodoad {pouueid) g 31qusm ‘W'Y A :A103Y], 9[id PUB UOISTYJI(] UOTNIN ve-Al
‘K1018.10qW] [EUONEN
u24BYN001g YIIm PALBI[IJe Sem
I3qeypioD JPreyds apnaap paysnqnd
10U SBM 3WINJOA SIU3 ‘(UMmOJUBWIIaN) .
ueuolsly Jod 4q piay £2¢£-All - - sJoded
30 Ados 1y 930U 194 ‘suinjoa pasodoiq (peutrerd) n Jaqeypion ‘'S'D P2199]10D) 'SASAYJ Tes[ony rersuon gz-Al
‘pasodoxd
© 19A2 SBM JWN[0A STYJ JeY) IJUaPIAa ON V/N V/N Y/N VZ-Al
‘pesodoxd
JoAS SBM SUINYOA B1Y] JBY} IOUIPIAS O v/N V/N V/N I-Al

8UNOX " 2PUBIACH pue UM 'S 1290y ‘s10pa

A0 LOIArO¥d WAINOLNT - Al NOISIAIQ

As10pBp
1 enureg
Aydinpy . Splepuelg jo teaing
(0@vsn) £s61 paysnangd n/s ‘W 38100 [BUOnBN 913 18 suoneredag [epadg 9-11I
"LeTS Aydipy
~[11 30d3y “(QAVSN) ZS61 Pausiqnd -~ n/s "W 281035 ___sadojos] uolog dyj jo uoperedag S-111

juaxrn) /Tep3yug ) )
3T MmOy TORBOPISSEL) sioqIny AL swmyop




€.L71 Jo gg 98eg

218y ‘[ ydasop

"SLET-ADAV d1oqueg
1odsy “(MIH-mBINOW) $S61 PaYSHAnd n "L UUI[D SJUSWS|F APIUNDY YL, Vv I-Al
-pasodoid
1943 SBM SUIN[OA ST} JBY] 30UIPIAS ON v/N V/N V/N e1-Al
‘paysiand 10 Us1ITIM Sem siadBg p2309[10D
M Jey3 30UapPIAS ou amnpoa pasodoig (psuueld) g Isurem 'O P :s£0O[Y 53] Pue wNuBIn jo ASIN[eIap a2 1-Al
‘oavsnl es61 paysiqng n/s Isurem o SAO[[Y S1] puB Wniueln jo Amipeds v l-Al
‘pasadoid :
13A3 SBM 2UINJOA SIUYJ JBYJ 90UIPIAI ON v/N v/N V/N L1-Al
s20UBISqNS
"01-AI-SANN onre210u] Jo suonnog shoonby 1aded
u1 3q 0) papusjul sem Jaded s1y n/s uAy 'O’y PUE I3)B) UO UO[BIPEY JO JOhF Y] “0T-Al
‘PIpuaqul SeM YOT1-Al-SHNN
Jey3 3Iqrssod ‘paysiqnd IO usjjlim sem oxdeyg ‘g uonepey
31 381} 20UBPIA2 ou dwnjoa pasodolg [pauusid) n uoying ‘W AZ31oug Y31y jo s10ayH Mes1uayo-o031sLyd 01-Al
. ueuwrresns
uBIBN
) “(MH-meI1DOW) n’k100 s1onpold.
$%00q 2213 sB 1GH] paysiiqnd n eRiCite] UOISSLY 3L, 'SIIpMI§ [BOTI3Y201pEY 6-Al
"paysiqnd
J0U SBM SWINJ0A BT} ‘(UmojuBuLIan)
uen01s1q 40d 4Aq PIRY €4€-A1LL
jo £&dod ur Sj0u 194 “swnjoa pasodoig {pauuerd) n 13sdwaq Py Adoosonpadg ssely  £-vg-Al
‘pasodoid
13A9 Sem SWINjoA S1Y) 8L} 90USPIAD ON V/N V/N V/N C-V8-Al
‘paysnqnd
JOU SEM JUIN[OA ST} ‘(UMOJUBLLIIN) Joqyuang
ueLIolSIY FOA 4q PlaYy €4e-AIL “13119q0Y
Jo Adoo w1 sjou 194 “swnjoa pasodoiy {pauusyd) n qeq 'H ueLpy Uor2939(J UOHEIPBY 10j UORBIUSWINASU]  [-YQ-Al
3[FH0DOW "H'M
(IMH-».IDOW) $S61 paysiqnd N Uol 'S 38109H uonBIuIWNNSuT eondQ 8-Al
ITIINY /TERIA] .
S TIWW O UO}IBOISSBID sIoyny INLL swmpoA




€41 J0 €7 9%ed

'T12S-dllL mno S[ELI33BI STIOAUE[[8ISIN
110d9y] AEE-BSOQEV T3 1 voSw:nsm n " 90uaIme] Jo ABinqelsN pue Ansrway) sy D61-Al
‘UOISTASY 'sorureufpouwraay,
. SIUSWaly a1} Jo uonewWqng S[RLIJBIN STIOSUBJ[3IST  U0IS]AY
Jo Y89, (SS61/11) $S87-TaoN 10day n Jamarg 03] Jo ABmyee N pue Ausiway) syl  -g61-Al
soreudpowtIayy,
mnd ‘STeLI3)BIA SNO3UR[[23SIA
“(InH-mBID0W) 0561 pousiAnd n "] 3duImeE] Jo fBunprelsy pue Anjstmayy) syL g61-Al
pasodoad
1349 SEM WN]0A STY) IBY) 90UIPIAS ON V/N v/N V/N V6I-Al
‘paysiqnd 1o uapIM Sem 1amalg 0]
31 18] 90UaPIAS Ou feuInjoa pasodoig - (pauueld) Iurepm ‘oL s1aded pa199[[0D) !$I1I030RLJIY g81-Al
“pasodoid
1943 Sem aWIN[OA SIY] JBYJ 30UIPIAd ON V/N V/N V/N  V8I-Al
, "€2¢S-aIL 1oday wzie)y sIaded p33091100
‘(03vsn) sqooq om] se gGe1 paysiand n/s ‘T preuoa] ‘eezf) JO uoneredag pue uoyonpold g.L1-Al
urzjey
'] prBuoa]
‘7S S10qeag Asaing
-(11 3oday "(DAYSN) 1561 paysiiand n/s "L uud[d ‘gez JO Uoneredag pue uononpoid VLI-Al
‘pasodoad .
1943 §BM IUIN[OA SIY] JeY] J0UIPI43 ON v/N V/N V/N H91-Al
Fuiurepy B
‘N uojsuim
‘paystqnd 10 ualum SEM umolg WNIUoINid
11 Jey) S0UIPIAI OU [dWN{oA pasodoad (pautrerd} § ‘SuosuIely  Jo uoneredsg sYyj 10j $9859201d SJBUIIY Va1-Al
‘paystqnd 10 usnilIm sem s1aded pa3os[[0)) :§83001d
31 JeY]) 90USPIAS OU ‘auInjoa pasodold (pauued) uelupiad [ uorjeredag ajeydsoyd ynwisig ay |, g51-Al
‘paysyqnd 1o uanlIm sem swIn[oA A3AINS 85320Ig
11 38y 20UaPlAa ou ‘aunjoa pasodoid (pouuerd) g Wwew19d ‘[ uoneredag a1Bydsoyd ypawstg sy VSTI-AlL
dujurep
‘W uolsuim
zZjey 'p ydesop
{IMH-meI100K) B10qesg s1oded
$3]00q OM1 SB 6b61 PaUSqng n - L uuan Yo1B9sIY :SIUSWI[Y Wn[UeINSUeL], aY,L gE1-Al
IwdLIm) /eIl
SjueWuIo)) TOREIGISSE[D szogIny ML Jmnjop




€L1 Jo v s88g

"$ISIX5 uoneLIONUl
00l pepuajul ynq ‘paysiqnd
10U SBm 2UIN[OA ST ‘(UMOJUBULISD))

uosme| Arolrep

ueLIoISIY O Aq PI?Y £L€-AlL , PNz SIspuy [eudanuf
Jo Adoo ur 230U 134 ‘sumjoa pasodoig (pouurerd) n ‘q puowfey Jo 309139 Teoifojolg pue wSToqe}a YA AT
*§1STX9 UOI}BULIOFUL
OO0l papusjur 3nq ‘paysiqnd
Jou sem suwInjoa siy3 ‘(UumojurwIaD) uosme] Arof1epy
weHolsIy HOA 4q PI8Y €4€-AlL SPNZ sdanruuy reulaiuf
Jo £doo ur1 a30u 194 ‘awnjoa pasodoig (pauueid) n o] puowifey] Jo $193J351 restSojolg pue wisijoqeley JdZT-Al
Pz uoneipey
(lH-me10oW) 1561 Paysnand N g puowdey ©)9g [eUIAXY Jo s3030F [edidojorg dCT-Al
"§)SIXs UONBULIOJU]
OO0l papuajut Ing ‘paystqnd
10U Sem JuInjoa ST ‘(UmojueULIan) uosme] Alofrep
ueLIO)IST] FOJ 4q PIRY £LE-AIL PNZ suonnaN
Jo £dod ur ajou 194 -swnjoa pasodorg (pouurerd) n 'H puourfey MO[S PUR ISBY Jo §109FF [edtdojoig azze-Al
‘0ges-dlL : SPIZ I1 3TEq ‘UonBIpey eWWED
Hoday “(IIH-meIDoW) 9561 Paysiqnd n "d puowiey puE X [eula)xy Jo S]994d [edfdojold OgT-Al
ANZ I 3ed ‘uonBIpey BWUWED
‘(IH-#eIDIN) $S61 PYsHqnd n "H puouifey puB X [euIaIXq Jo 39354 1edidojolg H3T-Al
‘pauopueqe ssm
awn[oa s ‘€z-Al-SANN PUe ‘€gg )
-A-SANN ‘0Z-AI-SHNN Ut 308j01d Jog v/N v/N V/N  vZz-Al
‘pouopueqe sem
swnjoa siy3 ‘€Z-Al-SENN Pue ‘dgz ‘
~AI-SENN ‘0Z-AI-SINN ut 9oeja1d 134 V/N v/N v/N gIT-Al
'pauopueqe sem
aumoA s ‘€Z-AI-SHANN PUe ‘gz
“AI"SENN ‘0Z-Al-SHENN ur a0ejaid 134 V/N V/N V/N  VIg-Al
: s1adBd Pe3109[[0) puUE AsaIng :393lord
“(IITH-MBIDOW) 1861 PaysTand | 3U0ig 'S J1eqoy wniuojN|d 243 Jo 3UOIpS) [ELISnpu] 0T-Al
yuaxn) /repyul
81T W WO TWORROYISSHED sioqIny AMILL amnjop




€.1 Jo 6z 98ed

=,
=
o
"€-A-SENN pue <
‘Z-A-SENN ‘1-A-SEINN 58 paysignd .
_Os[Y .Smmuvlwmﬂ .mv,m:m@nwu:mﬁm‘uﬁ n c«ﬁ%i "3 101eQ sanbruyoay, rejusuriodxy 1-Siv1
S
SHINIS TYOINHOEL SOVREIV SOT dHL - A NOISIAIG o B o
m
g
"CLTT-UNVT Hoasy <
se paysyqnd os[y ‘4 [OA ‘sallag 3azorld 981090
[eoryo3], sowey s se paysignd UeuIoy]
0S|V 'SANN Jo 1red s® paynuapt ap ou1epalg uosnyi(l
jouing ‘(I8v7) €561 PIYSTANd f1 9seD "W pauua) uonnay Jo A3y, ay3 03 uonanposu] b-A
"€ MBd ‘T '[oA ‘SS1I98 '
[eoruyo9 ], Ssoure[y sog se paysiiqnd uswoly "y jored 109014 sourgry so a1 jo sanbruyosy,
oSy “(IH-MeINdW) 561 payslqnd n $34BID D UIATY [esrway) pue [eo1sAyd SNOIUR[[IISIN e-A
'T 1Bd ‘T 'ToA ‘sauag
[BOTUYD3 ], soure[y so] se paysiqnd qnejg "4 susy sonbruysa], yejusmriadxy
osTy "(ITH-MBINDOW) 6¥61 PaYSaNd n 1SSOY g ounxyg :SI9}UNO0Y PUB SI13qUIBYD) UOIIBZIU0] T-A
"1 1Ted ‘T "10A ‘SIUIg SpUBg MIYNENW :
[eoIuyos], sourely soj se paystjgnd alouw|y
OSTV “(INIK-#BIDOW) 6¥61 PIYSIGNd n O Wenim sanbruyos, reyuswadxy :$91U0103H T-A
g ajsyred ydrey pue steq ‘Y 11390y ‘s10)pd .
JOArOdd SONVTVY SOT - A NOISIAIQ
staded Paldsod
(MH-meIDOW) 1661 poystiang i  wWnequsuug] 'y pue daAIng rwnjued() jo A30j0d[xoy, €C-Al
§92IN0S [BUISIU] PUE [euIajXy
‘(IH-me1DOW) g¥61 PAUSHqnd n woorg uwerm woly uogerpelt] jo ASojoyredo)siy ITT-Al
*S181¥d UOI}BlLIOju]
00U papuaiul Ing ‘paystqnd
10U 88M JUINJOA SIY} ‘(UumojureurIan) uosme] Kiofrey
uel03s1y 304 4q PI3Y £2€-QlL Pz S1933Mry feulsju]y
Jo Adod ur ajou 134 ‘swnjoa pasodoid (pautrerd) n ‘| puowrfey Jo s10913 Teordo[olg pue WSOqB}IN HZT-Al
jgarmy /repyjul
$)TIW WO TOFIuIYIssN[) sIoginy ONLL amn[op




£.1 JO 9Z 98ed

AINO dSN TVIOIAAO
spunodwo)
E olonyy ouegiQ pue aunionyy jo
(MH-MBIDIW) 1S6T paysiqnd. n 13SS9[S SRy A3orouyoa], pue ‘sentadolg ‘uoneredsig 1-1IA
IS8S3S s3IBYD "1011pH :
LOHAMQud LNHHHANDOAUd STVIMILVIA - IIA NOISIAIA
umniuoIn|d pue wnipey
(IIH-MeIDOW) 0S61 Paystqnd n AUy ‘W 318990y ‘winiuojod Yilm saipnyg reodojorg £1A
"(ITH-MBIDOW) $SHT PIYSIGNd n melg 'V'H UOBIPBY [BUIAXF JO SIO3PH [ed130[o1g zIA
“(II*H-meIDdW) (v % € $3j00q) €561 38poH O PloIBH spunoduio)
pue (z % 1 s3ooq) 6b61 PausIqng n umda0A [freD  wniuelq jo ASojodixo], pus LFo[osoumrvyd 1-IA
ApmoQ "H maIpuy pue s3[rey) ‘g pleuoq ‘si1oipd
. LOWrodd JALSTHOOA 4O ALISHIAINDN - IA NOISIAIQ
L
=
L
o
g
"b-A-SHNN uorsnyiq T
os[e 335 ‘[ISY1) £561 31odal [euisjuj n qazoeld 231090 uoxnasy jo A103Yy,], 2yl 03 UonINpoIu;j $-S1V1
jaarmy fTef3ya]
S WUWIo)y UORN¥IIISse]) sroyny STILL ewnjop




" €L1J0 LZ 33ed

‘paysyqnd
JOU SBM JWITM[0A SIU] (UMOJUBTLIIN)

ueLIo3sIYy HOA 4Aq PI3Y €L€-AlL

jo Adoo uy 9101 134 ‘asmnjoa pasodoig (pouureld) g uappoy ‘D s1adeq ps19ajjo) Ansmmsy) reonieuy $-11IA
‘pasodoad .
1349 Sem auIn[oA SIy) Jey) IdDUIPIAS ON V/N V/N V/N €-11IA
"paystignd
J0U SBM 3WIN[0A S1Y3 ‘(umoyusuiian)
ueLI0ISIY O Aq PI3Y £L€-AIL
Jo Adod ur 930U Jad awnjoA pasodold (pauuerd) n uappoy ‘Mo s1aded 18ondTeuy ps1aso) o-11A
. I+ 'ud
"ppgS-all 110d3y n/s phog 'T'D anydely jo sisfleuy 3yl ‘1p Jaydeyy  -1-HlA
s1aem I’
mnd “11
P ‘AL
uswgny "H'd
usutng ‘H'N 109l01g
"(NTH-#e1D0M) 0S61 Paysiqnd n u3ppoy ‘1D Uepeyue 33 Jo Ansuusyy [eonireuy 1-111A
LO0Arodd NVLLYHNYIA - 11IA NOISIAIQ .
1p ‘9Z19Y Yusid
© ugunsny
‘(ItH-meIDOW) 5561 paysiiand n ‘upurefusg wnILIoddy7 jo Ainpreis iy 3yl $-1IA
'91€S
-1l 110day "g-1IA-SANN Jjo 133deyd uos[sN 'a’'D . wniuojod v1 'ud
reuonIppy {OFVSN) SS61 paysliqng n/s W8um "M Jo uononpoid 9y, b1 leydeyd ‘wniuojog -€-llA
"12¢S-d1L 11oday ,
‘SANN Jo 178d 58 Swnoa SIy) SAYHUIP]
pe uouredsd “(DFYSN) 9S6T PaUsSTIqnd N 1240]4 *A AasTeq wnuofed £1IA
)
L
o
g
"1€28 Tourem O B
-a1lL 1oday {DAVSN) 1661 paysiiqnd n/s QUEA "H Aaming [erouap A30[0UYI9] WNIUBIf] Ve-llA
jT31IN0) /O3 U]
s)usWmoD TOoFesIsee]d sxoINy 13214 4 swmjop




ELT Jo 8% 98ed

sarydmp “A'H
‘0ETS 33ey 'OV 109014 uoneredssg
-dll 1oday [DAYSN) 1861 Paysiqnd n/s sureag ‘ML 98nyuus) Y3 ul sjuswdor3asg 1-X
JOHrOdd FDNATIINTD - X NOISIAIA
13400Y T uyop
ussoy UwBIBeN
'62TS Uos1aqy
-d1lL 34oday (D@vsN) 1661 poystignd n/s "H dirud uoIsTyJIq TeunIayy, prmbrg 1-XI
JOF,rOUd NOISNJAJIA TYINNHHL - XI NOISIAIA
UaIre/\ SPRIYS ’
uosiaydno wedep
(IPH-MeIDIW) 9561 paysliqnd n ‘M £d[ysy Ul quIog J1W0}Y 93 JO §}09H [BIIPIN 8-1ITA
"062S-A1L Hoday 'L-11IA-SENN 29 0
popusjur sem Lrodal STy} 3B} SPNJOUOD yojimoulqey]
M ‘g2 e-d1L Ul PaISI SS[N Uo pasegq auadny
(DAVSN) sooq omy s Q56T Paysiiqnyd n zyey ‘' ydasop siadeq pajos[[o) WnIuLIf) JO ATISTIILAY D L-TIA
‘g Joded-2-TIIA
-SENN A[renioe s131jnq ‘SANN Jo red
JOUnSIp B SB s1y} s181] pe uoured1ag Lv 1aded
{0avsn) 9p6T Hodai peursyu] U280 IN-WNIUBIN) WIISAS oY, -g-T1IA
. ‘U3ILIM Sem SWN[oA
SIY]} JBL[} 90UIPIAS OU ST 319N} INg YOIImourq By
‘11 3Ted "wniueln Jo ANstaIay) syl aq susinyg
0] papuajul Sem STy} Jey; 3o0adsns apm (peuusid) n° zyey] ' ydssop umnjueln jo Ansiusyd 9-IiIA
: yojimoulqey] spunoduwo)
sus8ny paie[ay pus Arsulg S3f ‘yusws|y
"(ITH-MBIDN) 1S61 PaUsHand n ziey ‘p ydssop Sy '] Med "wniuel( jo A13Siayy ay, S-TIA
, judIm) /1epur
sjuamMmo) UOFIVIYSSBID sIoqny a[INL smmjoap




APPENDIX F: NNES Tables of Contents

Page 29 of 173



NNES -1-1

VACUUM EQUIPMENT AND TECHNIQUES
Edited by A. Guthrie and R. K. Wakerling
Published 1949

McGraw-Hill Book Company, Inc., New York
264 pages plus xvii pages

Chapter 6 published 4 /1952 - Secret, declassified 4/1956
33 pages

Chapter :
1 Fundamental Considerations in Vacuum Practice
by R. Loevinger
2 Elements of the Vacuum System
by W. E. Bush
3 Vacuum Gauges
by K. M. Simpson
4 Vacuum Materials and Equipment
by W. E. Bush
5 Leak-detection Instruments and Techniques
by R. Loevinger and A. Guthrie
Appendix o
Index
-6 Operational Techniques

" Page 30 of 173

Report No.
AECD-1946 (BP-43)

AECD-2084 (BP-33)
AECD-2186 (BP-34)
AECD-2206 (BP-68)

AECD-2405 (BP-93)

BP-45



NNES-1-2

MAGNETS AND MAGNETIC MEASURING TECHNIQUES
Edited by A. Guthrie and R. K. Wakerling

Report Number: TID-5215

Published 1949 ~ Secret, declassified 4/1955

USAEC Technical Informahon Service, Oak Ridge
231 pages

Chapter
1 Some Basic Considerations Regarding Magnet Design
Requirements
by Wilson M. Powell and Eneas Kane
2 Magnetic Measuring Instruments and Techmques
by John DePhanger, R. K. Wakerling, and A. Guthrie
3 Model Magnets and Their Performance
by R. K. Wakerling
4 Magnetic Tests on Full-scale Magnets
by R. K. Wakerhng and A. Guthrie
Index

" Page 31 of 173

Report No.
BP-51
UCRL-24
BP-108

BP-126




NNES-1-3

ELECTRICAL CIRCUITS FOR CALUTRONS
Edited by R. K. Wakerling and A. Guthrie
Report Number: TID-5216

Published 1949 - Secret, declassified 4/1955

USAEC Technical Information Service, Oak Ridge
300 pages

Chapter ,

1 General Theory of Regulator Systems
by Burton F. Miller

2 High-voltage Regulators
by K. MacKenzie

3 Arc Regulation and Temperature Control
by R. deLiban

4 Magnet Regulators
by K. MacLeish

5 Miscellaneous Electrical Circuits
by A. Guthrie

‘Index

Page 32 of 173

Report No.
UCRL-72

UCRL-76
UCRL-170
UCRL-225

UCRL-323



NNES-1-4

ELECTROMAGNETIC SEPARATION OF ISOTOPES IN COMMERCIAL
. QUANTITIES

'Edited by R.

K. Wakerling and A. Guthrie

Report Number: TID-5217 _
Published 1951 - Secret, declassified 5/1935
USAEC Technical Information Service, Oak Ridge

456 pages

Chapter

10
11
12

13

Introduction
by W. E. Parkins

Part I - The Calutron

Basic Considerations in the Calutron Process
by E. Gardner and A. Guthrie
Space-charge Neutralization and Studies of the Beam Plasma
by B. Peters, A. C. Helmholz, and W. E. Parkins
Magnetic Linear Shims for Beam Focusing
by R. K. Wakerling
Other Magnetic Shimming Devices
by R. K. Wakerling
Performance of Magnetic shims and Focal Studies
by H. F. Weaver and R. K. Wakerling

'~ Electric Focusing Devices

by B. Peters
Focusing Action of Accelerating Electrodes
by R. K. Wakerling and A. C. Helmholz
The Alpha 3 and 4 Programs
by W. E. Parkins

Part II - The Isotron

The [sotron
by R. R. Wilson

Part III - Other Electromagnetic Separation Methods

The Ionic Centrifuge
by J. Slepian -
The Radial Magnetic Separator
by E. Gardner
The Resonance Method
by J. R. Richardson
The Low-voltage Method — Grid Slit Systems
by F. Schmidt

Index

Page 33 of 173

Report No.
UCRL-838

UCRL-825
UCRL-826
UCRL-827
UCRL-828
UCRL-829
UCRL-830
UCRL-831

UCRL-832

UCRL-833

UCRL-834
UCRL-835
UCRL-836

UCRL-~837




NNES -1-5

THE CHARACTERISTICS OF ELECTRICAL DISCHARGES IN MAGNETIC
FIELDS

Edited by A. Guthrie and R. K. Wakerling

Published 1949
McGraw-Hill Book Company, Inc., New York
376 pages plus xviii pages

Chapter

1

10

11

Qualitative Description of the Arc Plasma in a Magnetic

Field
by D. Bohm
The Use of Probes for Plasma Exploration in Strong
Magnetic Fields
by D. Bohm, E. H. S. Burhop, and H. S. W. Massey
Minimum Ionic Kinetic Energy for a Stabie Sheath
by D. Bohm

Report No.
MDDC-597 (BP-38)

AECD-2230 (BP-46)

MDDC-537 (BP-32)

Theoretical Considerations Regarding Minimum Pressure MDDC-681 (BP-47)

for Stable Arc Operations
by D. Bohm
Experimental Investigation of Threshold Pressure for
Stable Operation of Arcs
by E. H. S. Burhop, H. S. W, Massey, and G. Page
Measurements of the Absolute Values of the Cross
Sections for Ionization of Uranium Tetrachloride
and Uranium Hexafluoride by Electrons
by W. E. Berkey, E. H. S. Burhop, J. D. Craggs,
J. Keene, and H. S. W. Massey
The Ionization and Dissociation of Uranium Tetra-
chloride and Uranium Hexafluoride by Electron
Impact
by E. H. S. Burhop, H. S. W. Massey, and C. Watt
The Rate of lon Productiocn by an Electron Beam
by T. L. Hill and L. H. Aliler
A Study of the Arc Plasma
by D. Bohm, E. H. S. Burhop, H. S. W. Massey, and
R. W. Williams
Discharge Cathodes
by W. E. Parkins _
Theory and Operation of a Philips [onization Gauge
Type Discharge
by J. Backus
Index

Page 34 of 173

MDDC-636 (BP-30)

MDDC-564 (BP-26)

MDDC-1529 (BP-37)

MDDC-425

AECD-2094 (BP-39)

MDDC-650 {BP-35)

MDDC-1327 (BP-27)




NNES -1-6

SOURCES AND COLLECTORS FOR USE IN CALUTRONS
Edited by R. K. Wakerling and A. Guthrie

Report Number: TID-5218

Published 1949 - Secret, declassified 4/1955
USAEC Technical Information Service, Oak Ridge
291 pages plus vii pages

Chapter

1 Design Factors with Relation to lon Theory

by A. F. Clark, A. Guthrie, and Byron Wright
2 Mechanical Design of the Jon Source

by W. M. Brobeck, M. Martin, R. Condit, and T, Fahmer
3 Charge Materials and Operation

by E. J. Lofgren, F. H. Schmidt, and A. F. Clark
4 Full-energy Collectors

by E. Gardner, H. York, and William E. Parkins
5 Deceleration Collectors

by William E. Parkins

Index

Page 35 of 173

Report No.
UCRL-927

UCRL-928

- UCRL-929

UCRL-930

UCRL-931



NNES -1-7

SEPARATION OF ISOTOPES IN CALUTRON UNITS
Edited by H. Wesley Savage

Report Number: TID-5233

Published 1951 — Secret, declassified 2/1960
USAEC Technical Information Service, Oak Ridge

437 pages
Chapter Report No.
Part I - Introduction
Edited by H. W, Savage
1 Electromagnetic Process Plant . This volume
by H. W. Savage is made up of
2 - Electromagnetic Flant Specifications Report H-1.740.1
by H. W. Savage
3 Production Equipment and Development at CEW-TEC
by A. J. Miller and H. W, Savage
Part II - Ion Source
Edited by J. S. Hood
4 Development of the Beta lon Source
by John Harding, R. S. Livingston, and E. G. Struxness
5 Performance of the Beta Ion Source
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by R. C. VanSickle (Westinghouse Electric Corporation)
5. Heater Rescarch
by O. G. Vogel (Edison General Electric Appliance Company)
Control Equipment '
1. Instruments and Control
by J. O'R. Coleman
2. High Voltage Cubicles
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3. Development of Vapor Jet Vacuum Pumps for The Manhattan
Project
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by G. O. Neimeyer
6. Vacuum Sublimation
. by M. Cummings
VIII Expanded Chemical Facilities
1. Enriched Solution Chemistry
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8 Theory of the Counting Methods
by B. Carroll
9 Chemical Preparation of Uranium Samples for Counting Analysis
by B. Carroll
10 Procedures in Fission-counting Analysis
~ by B. Carroll
11 Film-fission Counter
by Harold G. Beyer
12 Counting Systemas for Isotopic Analysis
by H. D. Goldberg and M. 1. Goldberg
13 Uranjum-isotope Determination by Alpha Measurement A-3247
by M. L. Bello and R. I. Kiebanow
14 Some Recent Developments in Counting Methods of Isotopic. K-115

Analysis, Including Isotopic Standards and Determinations
of Isotopic Content of Unaltered Uranium
Edited by A. B. Meservey
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ENGINEERING DEVELOPMENTS IN THE GASEOUS DIFFUSION PROCESS

Edited by'M-énson Benedict and Clarke Williams

Published 1949
McGraw-Hill Book Company, Inc., New York
129 pages plus xx pages

Appendix C published 1946 - Secret, declassified 1/1956

Chapter

Part 1 - Specilal Plant Instruments and Devices

Recording Mass Spectrometer for Process Analysis
by A. O. Nier, T. A. Abbott, and J. K. Pickard
Recording lonization Chamber for Traces of Radioactive Gases
by A. O. Nier, C. M. Stevens, T. A, Abbott, and J. K. Pickard
Magnetic Gear for Torque Transfer to a Closed System
by T. A. Abbott and J. K. Pickard '

Part 2 - Vacuum Engineering

Mass Spectrometers for Leak Detection
by A. O. Nier, C. M. Stevens, A. Hustrulid, T. A. Abbott,
F. S. Stein, and J. E. Binns
New Developments in Vacuum Engineering
by R. B. Jacobs and H. F. Zuhr

Part 3 ~ Development of Heat-transfer Equipment

Theory of Heat and Mass Transfer in Batch Condensation of
Solids
by W. I. Thompson

Part 4 — Absorption of UFs and Fluorine

Absorption in a High-molecular-weight Nonaqueous System -
Uranium Hexafluoride in Heavy Oil .
by R. Landau, C. E. Birchenall, G. G. Joris, and J. C. Elgin
Continuous Fluorine-disposal Plant
by R. Landau
The Reaction of Fluorine Oxide with Sodium Hydroxide
by E. Simons, T. P. Wilson, and S. C. Schuman
Subject Index
Author Index
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MDDC-186

Although no appendices appear in this volume, Appendix C appeared in a separate
paper. We have found no evidence for the existence of Appendices A & B.

Appx. C.

Absorption of Fluorine and Uranium Hexafluoride by Sodium
Carbonate Solutions
by G. G. Joris, and C. D. Compton

Page 63 of 173

AECD-3892



NNES-1II- 1B

THE THEORY OF ISOTOPE SEPARATION AS APPLIED TO THE LARGE-

SCALE PRODUCTION OF U235

By Karl P. Cohen
Edited by George M. Murphy

Main Report Number: MDDC-1138
Published 1351

McGraw-Hill Book Company, Inc., New York
165 pages plus xviii pages '

Chapter
1 Ideal Cascades
2 Square Cascades .
3 Equilibrium Time of a Square Cascade
4 Determination of Cascade Constants
5 The Control Problem
6 Centrifuges
7 Other Separation Methods
Appx. A Roots of a Transcendental Equation
Appx. B Equilibrium Time of Square Cascades for N~1
Appx. C  The Holdup Function
Appx. D  Rayleigh Distillation
Appx. E  Properties of Concurrent Two-phase Elements
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SPECTROSCOPIC PROPERTIES OF URANIUM COMPOUNDS

By G. H. Dieke and A. B. F. Duncan

Main Report Number: MDDC-688

Published 1949

McGraw-Hill Book Company, Inc., New York
290 pages plus xviii pages

Chapter
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10

11

12

13
Appx. 1
Appx. 2
Appx, 3

Part I - Spectroscopic Properties of Uranium Compounds

Experimental Procedure

X-ray Analysis of the Crystal Structure of Uranyl Compounds

General Features of the Fluorescence and Absorption Spectra
of Uranyl Compounds

Fluorescence Spectra of Uranyl Compounds

Absorption Spectra of Uranyl Compounds

Intensity Measurements

Miscellaneous Observations

Miscellaneous Uranium Compounds

Part II - The Preparation of Uranium Compounds
Synthesis of Uranyl Compounds |

Preparation of Other Uranium Compounds
Problems in Synthesis

'Growth of Crystals

Conclusions and Suggestions

Tables of Wavelength Measurements

Special Preparations and Apparatus :
Miscellaneous Contributions to the Chemistry of Uranium
Bibliography

Index
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CHEMICAL SEFARATION OF THE URANIUM ISOTOPES

By Clyde A. Hutchinson, Jr.
Edited By George M. Murphy

Report Number: TID-5224

Published 1952 ~ Secret, declassified 3/1960
USAEC Technical Information Service, Oak Ridge
193 pages plus v pages

Chapter
1 Theory and General Discussion of the Chemical Separation
of Isotopes
2 Experimental Details
3 Summary
Index
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PHYSICAL PROPERTIES AND ANALYSIS OF HEAVY WATER

By Isidor Kirshenbaum
Edited by Harold C. Urey and George M. Murphy

Published 1951 .
McGraw-Hill Book Company, Inc., New York
438 pages plus xv pages

Addendum Published 5/25/1951 - Secret, declassified, 3/1957
Report Number: TID-5028

Chapter

Physical Properties

Equilibrium Constants for Exchange Reactions

Isotopic Analysis by the Mass Spectrometer

Isotopic Analysis of Heavy Water by the Mass Spectrometer
Other Methods of Isotopic Analysis of Heavy Water

Natural Abundance of the Hydrogen and Oxygen Isotopes
Author Index

Subject Index

QD WA~

Addendum Exchange Reactions Between Heavy Water and Sulfur
Compounds and the Associated Isotopic Analyses
by Isidor Kirshenbaum
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UTILIZATION OF HEAVY WATER

By Isidor Kirshenbaum
Edited by George M. Murphy and Harold C. Urey

Report Number: TID-5226 :
Published 1951 - Secret, declassified 4/1957
USAEC Technical Information Service, Oak Ridge
208 pages

Chapter
1 Introduction and Theory
2 Properties of the Uranium Oxides
3 Physical Properties of Slurries
4 Reactions of the Uranium Oxides
S Stability of Construction Materials
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Subject Index

Page 69 of 173

Report No.



NNES - 1T - 4C

BIBLIOGRAPHY OF RESEARCH ON HEAVY HYDROGEN COMPOUNDS

Compiled by Alice H. Kimball
Edited by Harold C. Urey and Isidor Kirshenbaum

Main Report Number: AECD-1975
Published 1949
McGraw-Hill Book Company, Inc., New York
350 pages plus xv pages

Chapter

Introduction
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Subject [ndex
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LABORATORY STUDIES FOR SEPARATION PROCESSES

By Maxwell L. Eidinoff, George G. Joris, Ellison H. Taylor, Hugh S. Taylor,

and Harold S. Urey

Edited by George M. Murphy, Harold C. Urey, and Isidor Kirshenbaum

Report Number: AECD-4238

Published 1951 - Secret, declassified 4/1957
USAEC Technical Information Service, Oak Ridge
406 pages

Chapter
1 Introduction
by Harold C. Urey
2 Distillation of Water
by Maxwell L. Eidinoff
3 Catalytic Exchange - General
by Hugh S. Taylor
4 Development of Nickel — Chromium Oxide as a Catalyst for
Isotopic Exchange between Hydrogen and Water
by Ellison H. Taylor
5 Catalytic Exchange - Platinum and Palladium Catalysts
by George G. Joris
6 Hydrogen — Water — Vapor Exchange Glass Pilot Plant
by Maxwell L. Eidinoff
7 Dual-Temperature Process — Sulfide System
by Maxwell L. Eidinoff
8 Dual-Temperature Process — Mercaptan-Water, Ammonia —
Water ~ Hydrogen, and Cyclohexane - Benzene — Hydrogen
Systems ’ '
by Maxwell L. Eidinoff
Appendix
Name Index
Subject Index
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COMMERCIAL PRODUCTION OF HEAVY WATER

By James O. Maloney and Harold S. Ray

Published 1951 - Secret, declassified 4/1960
USAEC Technical Information Service, Oak Ridge

220 pages

Chapter

1
2

3

Appx.
Appx.
Appx.
Appx.
Appx.

Appx.

woo®Em O Oow»

Introduction

Catalytic Exchange ~ Electrolyte Process for the Isolation of
Heavy Water at Trail, B. C.

Water-distillation Process for the Isolation of Heavy Water as
Employed by E. 1. du Pont de Nemours & Co., Inc., at
Morgantown, W. Va.

Hydrogen-distillation Process for the Isolauon of Heavy Water

Dual-Temperature Hydrogen Sulfide Process for the Isolation
of Heavy Water

Miscellaneous Processes for the Isolation of Heavy Water

Memorandum on Reports Relating to the Production of Deuterium

Letter from Col. K. D. Nichols to Dr. Harold C. Urey

Electrolytic Process

by George F. Quinn

Excerpts from a Monthly Report of the Consohdated Mining &
Smelting Company of Canada, Ltd., Trail Office

ustrative Calculation of the Fourth-stage Tower Performance -
Data, August 1945

Nlustrative Calculation of Alpha for a Secondary-plant Rundown

Index
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PRODUCTION OF HEAVY WATER

Edited by George M. Murphy, Harold C. Urey, and Isidor Kirshenbaum

Published 1955
McGraw-Hill Book Company, Inc., New York
394 pages plus xvii pages

Chapter

10
11

12

Appx. A

Appx. B
Appx. C

Appx. D
Appx. E

Part I - Commercial Production of Heavy Water

Introduction to Part I

Catalytic Exchange-Electrolytic Process for the Isolation of
Heavy Water at Trail, B. C.

Water-distillation Process for the {solation of Heavy Water As
Employed by E. I. du Pont de Nemours & Co., Inc., at
Morgantown, W. Va,

Hydrogen-distillation Process for the [solation of Heavy Water

Miscellaneous Processes for the Isolation of Heavy Water

Part I - Laboratory Studies for Separation Processes

Introduction to Part II
by Harold C. Urey
Distillation of Water
by Maxwell L. Eidinoff
Catalytic Exchange: General
by Hugh S. Taylor )
Development of Nickel-Chromium Oxide as a Catalyst for Isotopic
Exchange Between Hydrogen and Water
by Ellison H. Taylor
Catalytic Exchange: Platinum and Palladium Catalysts
by George G. Joris
Hydrogen-Water Vapor Exchange Glass Pilot Plant
by Maxwell L. Eidinoff '
Dual-Temperature Process: Mercaptan-Water, Ammonia-
Water-Hydrogen, and Cyclohezane-Benzene-Hydrogen
Systems
by Maxwell L. Eidinoff
Electrolytic Process
by George F. Quinn
Operating Data, Project 9, Aug. 1 to 31, 1945, Trail Plant
INustrative Calculation of the Fourth-stage Tower Performance
Data, August 1945
llustrative Calculation of Alpha for a Secondary-plant Rundown

Report No.

Equilibrium Constants for Exchange Reactions Involving Mercaptans
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SEPARATION OF THE BORON ISOTOPES

Edited by George M. Murphy

Report Number: TID-5227
Published 1952 - Secret, declassified 2/1957
USAEC Technical Information Service, Oak Ridge

485 pages

Chapter

11
12
13

Part I - Isotope Separation

Selection of Method

Pilot-plant Experiments for Determination of the Fractionation
Factor

Decomposition of the Ether Complexes

Stability of Construction Materials to the Dimethyl Ether
Complex

Chemistry of Wet Complexes |

Other Rescarch and Development Necessitated by Plant Problems

Further Experiments onn Exchange Reactions of Complex and
Other Compounds of Boron

Part II - The Preparation of Elemental Boron

Conversion of Dimethyl Ether-Boron Trifluoride Complex to Boron
Trichloride

Production of Crystalline Boron

Conversion of Dimethyl Ether — Boron Trifluoride Complex to Boron

Part Il - Miscellaneous Studies
Analysis of Isotopic Abundance
Methods of Chemical Analysis

Physical and Chemical Properties
Index
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NNES-III -6
SPECIAL SEPARATIONS AT THE NATIONAL BUREAU OF STANDARDS
Edited by George M. Murphy and Samuel L. Madorsky

Published 1952 — Secret, declassified w/deletions (1951)
USAEC Technical Information Service, Oak Ridge

340 pages
Chapter Report No.
Part I - Uranium Isotopes
1 Concentration of U235 by Contercurrent Molecular Distillation

of Uranium Pentaethoxide and Uranium Pentapropoxide
by Samuel L. Madorsky, A. Keith Brewer, T. I. Taylor,
Steven Levinos, H. W. Bond, V. H. Dibeler, C. E. Wise, Jr.,
M. Swartz, and J. W. Westhaver
2 Concentration of U235 by Contercurrent Molecular Distillation
of Uranium Pentaethoxide in a Ten-column Reflux System
by Samuel L. Madorsky

3 Molecular-distillation Method for the Separation of Uranium M-4069
' Isotopes
by T. L. Taylor, J. K. Taylor, R. J. Britten, and Edgar R. Smith
4 Concentration of U%5 by Countercurrent Electromigration

by Samuel L. Madorsky, J. K. Taylor, V. H. Dibeler, and
A. Keith Brewer
5 Concentration of K32 and U235 in Large Electromigration Cells
by A. Keith Brewer, T. I. Taylor, I. Madorsky, and
Samuel L. Madorsky

6 Concentration of Uranium Isotopes by Photochemical Reduction A-3970
by Steven Levinos )
7 Concentration of Uranium Isotopes by Chemical Exchange A3969

by Steven Levinos
Part II — Mercury, Chlorine, and Potassium Isotopes

8 Concentration of the Isotopes of Mercury by Free Evaporation MDDC-709
in a 10-cell Countercurrent Reflex Stll
by A. Keith Brewer and Samuel L. Madorsky
9 Concentration of Isotopes of Potassium by the Countercurrent ~MDDC-1114
Electromigration Method
by A. Keith Brewer, Samuel L. Madorsky, J. K. Taylor,
V. H. Dibeler, P. Bradt, O. L. Parham, R. J. Britten, and
J. G. Reed, Jr.
10 Concentration of Potassium?3? by Countercurrent Electro-~ MDDC-1114
migration: Some Theoretical Aspects of the Operation
by J. W. Westhaver
11 Concentration of Isotopes of Chlorine by the Countercurrent MDDC-1691
Electromigration Method
. by Samuel L. Madorsky and S. Straus
12 Anodic Current Efficiency in the Counterflow Electrolysis of MDDC-847
Uranyl Chloride Solutions
by W. J. Hamer
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13 Calculations on Countercurrent Electromigration MDDC-380
by G. Breit and F. L. Freidman
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OPTICAL INSTRUMENTATION

Edited by George S. Monk and W. H. McCorkle

Published 1954
McGraw-Hill Book Company, Inc., New York
262 pages plus xxv pages ’

Chapter

Paper

1.1
1.2
1.3
1.4
1.5

2.1

2.2
2.3
2.4
2.5
26
2.7
2.8
2.9

2.10

Part I- Survey of Optical and Associated Problems

Optical Problems in the Metallurgical Project

Optcal Instruments for Viewing in [rradiated Areas

Miscellaneous Instruments and Services of the Project Optical
Section

Part IT - Collected Papers

A Standard Periscope Design for Project Purposes
by George S. Monk '
Comparative Tests of Periscopic Extenders
by George S. Monk and Walter Wallin
The Erecting Objective Magnifier '
by George S. Monk
Design of a Kellner-type Plastic Objective
by Minnie Mrjenovich
Achromat with Positive Element of Two Plastic Field Lenses
by Minnie Mrjenovich

Borescopes in the Project

by George S. Monk, W, H. McCorkle, Minnie Mrjenovich, and
Elaine Sammel Palevsky
Experiments on a Borescope Head
by George S. Monk
Periscope for Discharge Area of a Pile -
by George S. Monk and W. T. Jaycox
The Binocular Periscope
by George S. Monk
The Corner Periscope
by George S. Monk, W, H. McCorkle, and Associates
A Visual Inspector for Slugs
by M. C. Leverett, W. T. Jaycox, and George S. Monk
Underwater Bar Viewer
by W. H. McCorkle
The Peritelescope
by George S. Monk
Type D-A Periscope
by W. H. McCorkle
Type D-B Periscope
by W. H. McCorkle
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7.1

7.2

7.3
8.1

8.2

The Chemiscope
by W. H. McCorkle
The Shelfascope
by W. H. McCorkle
Type A-A Periscope
by W. H. McCorkle
Type C-B Periscope
by George S. Monk and W. H. McCorkle
The Extensoscope :
by George S. Monk
Coloration of a Standard Periscope Objective
by George S. Monk )
Miscellaneous Notes on Coloration of Optical Materials
by George S. Monk
Coloration of Optical Glasses
by George S. Monk
The Case for Plastic Lenses
by George S. Monk
An All-plastic Optical System for Project Purposes
by George S. Monk
A New Wide-angle All-plastic Periscope
by George S. Monk
Scratch Resistance of Optical Plastic Materials -
by K. F. Whitcomb
Light Transmission through a Water-filled Tube
by George S. Monk and H. W. Ibser
Report on Smoke Tester
by W. G. Bouricius
Borescope Cameras
by R. L. Williams and W. H. McCorkle
Water-filled Wide-angle Viewers
by George S. Monk

Use of High-density Radiation-absorbing Solutions in Optical

Instruments
by P. R. Girardot

Experiments on the Evaporation of Boron in Vacuo
by D. D. Friel

Some Observations on Controlled Deposition of Metals by

Cathode Sputtering
by D. C. Livingston
Production of Mirrors by the Evaporation Procedure
by Elaine Sammel Palevsky
Grinding and Polishing of Metallic Mirrors
by N. F. Beardsley

Waterproof Cements and Their Suitability in Optical Construction

by K. F. Whitcomb
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NNES-IV-9
RADIOCHEMICAL STUDIES: THE FISSION PRODUCTS

Edited by Charles D. Coryell and Nathan Sugarman

Published as 3 Books

McGraw-Hill Book Company, Inc., New York .
2086 plus xv pages.

Book 1 (1951) - pages 1-516 pages plus xxx pages
Book 2 (1952) - pages 517-1315 plus xvi pages
Book 3 (1953) - pages 1316-2086 plus xix pages

Paper :
Part I - Counting Techniques -
1 Angular Dependence of 8-Ray Intensity from Radioactive
Sources; Effect on Determination of Geometry Factor
by N. Elliott, D. W. Engelkemeir, and W. Rubinson
2 An Analysis of §-Ray Scattering Phenomena in Sources and
Absorbers
by N. Elliott and E. Shapiro '
3 An Analysis of the Effects on Absorption Curves of Scattering

of B Radiation by Absorbers
by T. B. Novey and N. Elliott
4 Investigation of the Effects on § Counting of Self-Scattering
Due to Source Weight
by D. W, Engelkemeir, J. A. Sciler, E. P. Steinberg, and
L. Winsberg
5 Variation of the Amount of Backscattering with Thickness
and Atomnic Weight of the Backscatterer for p Radiation
of Several Maximum Energies
by D. W. Engelkeineir, J. A. Sciler, E. P. Steinberg,
L. Winsberg, and T. B. Novey
6 Theoretical Study of f-Absorption Curves and Correlation
with Feather Method of B-Energy Determination -
by T. B. Novey, E. P. Steinberg, N. E. Ballou,
G. W. Campbell and L. Winsberg

7 Construction and Use of an Ionization Chamber with
Electrometer Tube Amplifier
by M. S. Freedman
8 Low-Absorber Counters

by N. Elliot, W. H. Sullivan, N. R. Sleight, E. M. Gladrow,
S. Raynor, and M. S. Freedman

9 Preparation of Absolute B-Counting Standards
by T. B. Novey, D. W. Engelkemeir, and P. W. Levy
10 Correlation of Methods for the Determination of Absolute
Thermal-Neutron Flux
by T. B. Novey
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11

12

13
14
15
16
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18
19

20

21
22

23

24
25
26

27

Relation between Range and Energy of § Particles
by L. E. Glendenin and Charles D. Coryell

Part IT — Chemical Studies at Tracer Levels

Coseparation of Aqueous Barium Jon with Solid Lanthanum
Fluoride
by H. Gest, N. E. Ballou, B. M. Abraham, and Charles D.
Coryell
Coseparation of Aqueous Fluozirconate lon with Solid
Lanthanum Fluoride
by H. Gest, W. H. Burgus, and T. H. Davies
Coseparation of Aqueous Fission Products with Manganese
Dioxide
by H. Gest and L. E. Glendenin
Szilard-Chalmers Reactions. 1. Principles of the Enrichment
. by A. W. Adamson and R. R. Williams, Jr.
Szilard-Chalmers Reactions. II. Enrichment of Antimony
Activity
by R. R. Williams, Jr., G. H. Jenks, W. B. Leslie,
J. W. Richter, and Q. V. Larson

Szilard-Chalmers Reactions. [Il. Enrichment of Iron Activity .

by E. R. Tompkins, W. E. Cohn, A. W. Adamson, and
R. R. Williams, Jr. '

Valence States of Fission Selenium and Tellurium in Aquecus

Solutions
by C. W. Stanley and T. H. Davies
Exchange among Several States of lodine and the Chemical
States of Radioiodine from Tellurium Decay
" by W. H. Burgus and T. H. Davies
Chemical Consequences of [someric Transition in Tellurium
by R. R. Williams, Jr.
Chemical Effects of Nuclear Transformations. 1. B Decay of
Lanthanum to Cerium of Mass 143
by H. Gest, R. R. Edwards, and T. H. Davies
Chemical Effects of Nuclear Transformations. I. B Decay of
Selenium to Bromine
by R. R. Edwards, H. Gest and T. H. Davies
Properties of Bromine at Tracer Concentrations
by R. R. Edwards and T. H. Davies

Part O - Remote-Control Technigues

Flow-Type Ionization Chamber
by E. R. Tompkins

A Double-Seat Glass Valve Useful in Remote-Control

Chemical Systems

by H. A. Levy

A Magnetically Controlled Glass Valve
by L. G. Stang and H. A. Levy

A Glass Reaction Vessel for Remote-Control Operations
by L. G. Stang and H. A. Levy
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Glass Solution Distributors for Remote-Control Operations AECD-2549-F
by L. G. Stang and H. A. Levy

A Polarographic Cell for Use in Remote-Control Systems AECD-2549-G

by C. M. Nelson, D. N Humne, and H. A. Levy
A Remotely Controlled Glass Apparatus for Dissolving Uranium  AECD-2562
Metal
by L. S. Goldring, E. L. Brady, and H. A. Levy

A Remotely Controlled Continuous Ether-Extraction: MDDC-1344-G
Apparatus _

. by G. H. Jenks and C. V. Cannon

Remotely Controlled Equipment for Fission-Product AECD-2646

Separations by Ion Exchange
by M. B. Hawkins, R. E. Garber, and E. R. Tompkins i
A Laboratory for Research Operations at High Levels of AECD-2549-H
Radioactivity
by H. A. Levy

Part IV - Studies of the Fission Process

Estimates of Amount of Radiation and of Accompanying AECD-2559-K
Energy Liberation from Fission Products :
by L. B. Borst ' :
Decay of Gross Fission Products after Short Irradiations. 1. AECD-2698

Electroscope Studies of § Activity
by N. Elliott and Nathan Sugarman .
Decay of Gross Fission Products after Short Irradiations. 11, AECD-2611
Counter Studies of v Activity
by Nathan Sugarman, S. Katcoff, N. Elliott, and J. D. Knight
Decay of Gross Fission Products after Short Irradiations. III. AECD-2637
Counter Studies of v Activity and Energy :
by Nathan Sugarman, S. Katcoff, B. Finkle, N. Elliott, and.
J. D. Knight
Decay of Gross Fission-Product § Activity after Intermediate AECD-2559-L
Irradiations
by J. D. Knight
Comparison of Gross Fission-product Decay with Decay of AECD-2559-M
the Sum of the Separated Fission Products (I)
by Charles D. Coryell, E. L. Brady, N. E. Ballou,
W. H. Burgus, G. W. Campbell, D. W. Engelkemeir,’
L. E. Glendenin, and T. B. Novey
Comparison of Gross Fission-Product Decay with Decay of MDDC-1769-A
the Sum of the Separated Fission Products (II)
by W. Rubinson, R. P. Metcalf, J. A. Seiler, E. P. Steinberg,
and L. Winsberg _
Direct Calorimetric Study of Fission-Product Decay in Active = MDDC-1769-B
Slhugs
by R. A. Day and C, V. Cannon

Calculation of y Wattage Escaping from the Slug in the MDDC-1769-B
Calorimetric Experiments
by K. Way
Rate of Decay of Fission Products ~ ’ © MDDC-1194

by K. Way and E. P. Wigner

{Continued)

Page 83 of 173




Paper
44

45

47
48

49

51

52

53
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57
58

59

60
61
62

63

Ranges of Fission-Recoil Fragments of Known Mass
Numbers (I)
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12 The Radiobiological Importance of Specific Ionization MDDC-444
by Raymond E. Zirkle

Part IT - Radicbiology Collected Papers

1. Acute Lethal Action of Slow Neutrons on Mice
by Raymond E. Zirkle, E. F. Riley, Jr., and G. E. Stapleton
2 Activity in Tissues Induced by Slow-neutron Bombardment
by H. J. Curtis and J. Teresi
3 Acute Histopathological Effects of Single Doses of Slow Neutrons AECD-2326
on Mice
by R. S. Snider
4 Delayed Effects of Single Doses of Slow Neutrons on Mice " MonH-117

by P. S. Henshaw, R. S. Snider, E. F. Riley, Jr., G. E. Stapleton,
and Raymond E. Zirkle :
5 Effects of Periodic Doses of Slow Neutrons on che MDDC-754
by P. S. Henshaw, R. S. Snider, E. F. Riley, Jr., G. E. Stapleton,
and Raymond E. Zirkle
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BIOLOGICAL EFFECTS OF EXTERNAL BETA RADIATION
Edited by Raymond E. Zirkle

Published 1951
McGraw-Hill Book Company, Inc., New York
242 pages plus xxv pages

Paper
1 Techniques of External Irradiation with Beta Rays
by J. R. Raper, Raymond E. Zirkle, and K.K. Barnes :
2 Gross Effects of Beta Irradiation on Restricted Surface of Rabbits
by J. R. Raper, J. E. Wirth, and K. K. Barnes
3 Comparative Lethal Effects of External Beta [rradiation
by J. R. Raper, Raymond E. Zirkle, and K. K. Barnes
4 Gross Effects of Total-surface Beta [rradiation
by J. R, Raper and K. K. Barnes
5 Rate of Recovery from Total-surface Beta Irradiation
by J. R. Raper and K. K. Barnes
6 Additivity of Lethal Effects of External Beta and Gamma
Irradiation (I)
by J. R. Raper and K. K. Barnes
7 Additivity of Lethal Effects of External Beta and Gamma
Irradiation (II)
by J. R. Raper and K. K. Barnes

Report No.
MDDC-661

MDDC-500
MDDC-439

MDDC-49
MDDC-501
MDDC-502

MDDC-498

MDDC-1681

8 Influence of Total-surface Beta Irradiation of the Gross Metabolic AECD-2228

Patterns of Rats
by Elizabeth Anderson Barnes
9 Histopathological Effects of Single Doses of Total-surface Beta
Radiation on Mice
by R. S. Snider and J. R. Raper
Effects of External Irradiation with Beta Rays on the Peripheral
Blood of Rabbits
by J. R. Raper and K. K. Barnes
Changes in Peripheral Blood after Single Doses of External Beta
Radiation
by Elizabeth Anderson Barnes
Reactions of Human Skin to Single Doses of Beta Rays
by J. E. Wirth and J. R. Raper
Delayed Effects of Single Exposures to External Beta Rays
by J. R. Raper, P. S. Henshaw, and R. S. Snider
Effects of Periodic Total-surface Beta Irradiation
by J. R. Raper, P. S. Henshaw, and R. S. Snider
Aberrant Tissue Developments of Rats Exposed to Beta Rays.
Late Effects of P32 Beta Rays
by P. S. Henshaw, R. S. Snider, and E. F. Riley, Jr.
Review of Information Bearing on the Tumor-inducing Action of
Superficial Radiations
by P. S. Henshaw and R. S. Snider
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METABOLISM AND BIOLOGICAL EFFECTS OF INTERNAL EMITTERS

Edited by Raymond E. Zirkle and Marjory Lawson

Based on handwritten notes in the copy of TID-373 .held by the DQE
Historian in Germantown, this volume was never published. Information
intended for this volume is listed in the table of contents below.

Paper
Part V - Radiobiology Collected Papers

1 Preparation of Fission Products for Use in an Experimental
Biology Laboratory
by A. Broido
2 Methods of Analysis of Fission Products in an Experimental
Biology Laboratory '
by P. C. Tompkins, A. Broido, and L. Wish .
3 The Quantitative Estimation of the Activity of Beta-particle
Emitters
by A. Broido, J. Teresi, and P. C. Tompkins
4 Methods for the Quantification of Radium
by P. C. Tompkius, A. Broido, and J. D. Teresi
S The Handling of Radioactive Materials in an Experimental
Biology Laboratory
by P. C. Tornpkins, A. Broido, and J. D. Teresi
6 An Improved Method for Cutting Undecalcified Bone Sections
and Its Application to Radioautography
by Dorothy Axelrod
7 Calculation of Dosage Due to Internal Emitters
by W. Cohn
8 The Metabolism of Carrier-free Fission Products in the Rat
by K. G. Scott, R. Overstreet, L. Jacobson, J. G. Hamilton,
H. Fisher, J. Crowley, 1. L. Chaikoff, C. Entenman,
M. Fishler, A. J. Barber, and F. Loomis
9 Radiotoxicity of Injected Sre° for Rats, Mice, and Rabbits
I.  Introduction: Methods
by D. S. Anthony, K. Lathrop, and R. D. Finkle
II.  Metabolism and Organ Distribution
by D. S. Anthony, K. Lathrop, and R. D. Finkle
III. Lethal Action and Clinical Changes
by D. S. Anthony, K, Lathrop, and R. H. Snyder
Iv. Hematological Effects of Enterally and Parenterally
Administered Sre9
by E. L. Simmons and L. O. Jacobson
10 Acute Radiotoxicity of (Ba-La)!40 in Rats and Mice
L. Preparation and Administration of the Emitters
by R. D. Finlle, R, H. Snyder, and P. C. Tompkins
IL Metabolism

by R. H. Snyder, W. E. Kisieleski, D. S. Anthony, and
R. D. Finkle
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III. Effects on Weight and Food Intake
by R. H. Snyder, G. Sacher, and J. Teresi
1v. Lethal Action and Clinical Symptons
by R. D. Finkle, R. H. Snyder, and W. E. Kisicleski
V.  Effect on the Hematological Constituents of the Peripheral
Blood
by L. O. Jacobson
11 Acute Radiotoxicity of Injected Cel* in the Rat
by D. S. Anthony and Katherine A. Lathrop
12 Acute Radiotoxicity of Injected Y3!
by D. S. Anthony
13 Metabolism and Lethal Action of Injected P32 in Mice
by D. S. Anthony and R. H. Snyder
14 The Deposition of Plutonium and Certain Fission Products in
Bone as a Decontamination Problem
I Factors Affecting the Absorption of Radioactive Strontium
from the Gut
by D. H. Copp, D. M. Greenberg, and J. G. Hamilton
11. Factors Affecting the Retention of Injected Radioactive
Strontium
by D. H. Copp, D. M. Greenberg, and J. G. Hamilton
III. . Effect of Age and Dietary Calcium on Radioactive Sr, Y,
Ce, and Pu’
by D. H. Copp, M. J. Chace, and J. G. Hamilton
IV. Effect of Treatment on Chronic Elimination of Radioactive
Sr, Y, Ce, and Pu
by D. H. Copp, L. Van Middlesworth, E. M. Cuthbertson,
M. J. Chace, and J. G. Hamilton
V.  Uptake of Radioactive Sr, Y, and Pu in Healing Fracture
Callus
by L. Van Middlesworth, D. H. Copp, and J. G. Hamilton
VI. Effects of Severe Phosphorous Deficiency
by D. H. Copp, M. J. Chace, and J. G. Hamilton
VII. Bone Radioautographs of Radioactive Sr, Y, Ce, Zr, and Pu
by Dorothy Axelrod, D. H. Copp, and J. G. Hamilton
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METABOLISM AND BIOLOGICAL EFFECTS OF INTERNAL EMITTERS

Edited by Raymond E. Zirkle and M. Lawson

Based on handwritten notes in the copy of TID-373 held by the DQE
Historian in Germantown, this volume was never published. Information

intended for this volume is listed in the table of contents below.
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15
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Part V — Radiobiology Collected Papers {Continued)

Production and Analysis of Radioactive Aerosols

by R. Abrams, A. M. Potts, C. E. Beilman, I. Wender, W. Lohr,

S. Postel, and L. L. Forker
Metabolism of Inhaled Fission-product Aerosols .
by R. Abrams, H. C. Seibert, A. M. Potts, W. Lohr, and
S. Postel
Tracer Studies with Inhaled 8-day Iodine
by Mary Dailey, [. Wender, and R. Abrams
Tracer Studies with Inhaled 1.0-year Ruthenium
by Mary Dailey, I. Wender, and R. Abrams
Acute Toxicity of Inhaled 275-day Cel# '
by H. C. Seibert and R. Abrams
Studies on the Inhalation of Fissionable Materials and Fission
Products and Their Subsequent Fate in Rats and Man
" by K. G. Scott, Dorothy Axelrod, J. Crowley, H. C. Lanz, and
J. G. Hamilton
Metabolism and Distribution of Inhaled Plutonium in Rats
by R. Abrams, H. C. Seibert, A. M. Potts, L. L. Forker,
D. M. Greenberg, S. Postel, and W. Lohr
Acute Toxicity of Intubated Plutonium Deposited in the Lungs
by R. Abrams, H. C. Seibert, L. L. Forker, D. M, Greenberg,
H. Lisco, L. O. Jacobson, and Eric L. Simmons
Metabolism of Plutonium in Rats
by K. G. Scott, H. Fisher, Dorothy Axelrod, J. Crowley,
A. J. Barber, and J. G. Hamilton
A Comparison of the Metabolism of Plutonium (Pu238) in Man
and the Rat
by J. Crowley, H. C. Lanz, K. G. Scott, and J. G. Hamilton
The Toxicity and Metabolism of Plutonium in Laboratory
Mammals
I.  Introduction
by R. H. Snyder and R. D. Finkle
II. Methods ’
by R. H. Snyder and W. E. Kisieleski
.  The Metabolism of Injected Plutonium
by R. H. Snyder, W. E. Kisieleski, B. Lawrence, and
R. D. Finkle :
IV.  The Survival and Growth of Plutonium-injected Animals
by R. H. Snyder, W. E. Kisicleski, and R. D. Finkle
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V.  The Effect of Ingested Plutonium
by R. H. Snyder, B. Lawrence, and R. D. Finkle
VI. The Hematological Effects of Parenterally Administered
Plutonium
by L. O. Jacobson and E. L. Simmons '
26 The Effect of Plutonium on Tissue Metabolism of Rats MDDC-1653
by E. S. G. Barron, R. Abrams, R. D. Finkle, and
R. P. Rhoades
27 Combination of Plutonium with Plasma Proteins MDDC-1268
by J. Muntz and E. S. G. Barron
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Part V - Radiobiology Collected Papers (Continued)

The Metabolism of Thorium®l, Protactinium®!, and Neptunium®2
in the Rat
by H. C. Lanz, K. G. Scott, J. Crowley, and J. G. Hamilton
The Production of Radioactive Xenon for Animal Exposures
by R. Abrams, C. E. Beilman, and L. D. Norris
The Maintenance of Animals Containing Radioactive Materials
by P. Britton, Patricia Lear, C. L. Prosser, and Ella Tyree
Apparatus for Injection of Animals with Dangerous Amounts
of Hard Beta and Gamma Emitters
by D. S. Anthony and W. O. Norris
An Apparatus for Maintaining a Slow and Constant Rate of
Injection
by R. H. Snyder, Blanche Lawrence, and R. D. Finkle
The Administration of Radioactive Materials to Animals by
Tracheal Intubation
by H. C. Seibert : .
Accumulation and Distribution of Radioactive Strontium,
Barium-Lanthanum Fission Mixture, and Sodium in
Goldfish '
by C. L. Prosser, W. Pervinsek, Jane Armold, G. Svihla, and
P. C. Tompkins : :
The Lethal Action of X Radiation, Stable Isotopes of Fission
Elements, Sr? and (Ba-La)'%?, upon Goldfish
by C. L. Prosser, C. W. Hagen, Jr., and W. Grundhauser
Plant Studies
by L. Jacobson and R. Overstreet
Absorption and fixation of Fission Products and Plutonium by
Plants
by L. Jacobson and R. Qverstreet

' The Metabolism of Short-lived Air-borne Fission Products

by H. C. Lanz, J. Teresi, and H. J- Curtis )
The Effect of Clay on the Intestinal Absorption of Strontium

by H. J. Curtis ]
The Transmission of Radiostrontium and Plutonium from

Mother to Offspring in Laboratory Animals

by Miriam P. Finkle ) .
Studies of the Metabolism and Toxdc Action of Injectgd Radium
1 Metabolism, Lethal Action and Clinical Changes

by W. P. Norris and H. B. Evans
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Hematological Effects of Parenterally Administered
Radium. A Comparison of Plutonium and Radium
Effects

by L. O. Jacobson and E. L. Simmons

The Excretion, Retention, Distribution, and Clinical Effects of

L

II.

Strontiums8? in'the Dog
Report of Experimental Work
by Marguerite N. Swift and C. L. Prosser
Statistical Analysis of Excretion and Retention for
Individual Dogs
by G. Sacher

Comparative Action of Injected Sr8 on Splenectomized and

Non-splenectomized Mice
by L. O. Jacobson and E. L. Simmons

Acute Radiotoxicity of Injected Na2¢ for Mice and Rats -

I

1L

Metabolism and General Toxicity
by R. D. Finkle and R. H. Snyder
The Effect of the Na24 on the Leucocytes of the Peripheral
Blood of Mice
by L. O. Jacobson, and E. L. Simmons

Effects of Insoluble Ingested Y9!

L
L.
1118
Iv.
V.
VI
VIL

VIIIL

Introduction: Methods

by D. S. Anthony
Metabolism

by D. S. Anthony and W. Grundhauser
Acute Lethal Action

by D. S. Anthony
Measurement of Dosage

by D. S. Anthony, W. Grundhauser, and G. Svihla
Chronic Lethal Action

by A. M. Brues and W. Grundhauser
Effects on Weight :

by D. S. Anthony and W. Grundhauser
Pathological Effects

by H. Lisco and G. Sacher
Hematological Effects

by L. O. Jacobson and E. L. Simmons

Clinical Physiology of Dogs Injected with Plutonium

by Elizabeth E. Painter, E. R. russell, C. L. Prosser, Marguerite
N. Swift, W. E. Kisieleski, and G. Sacher

Effects of S and X Radiation on Goats

by Marguerite N. Swift, C. L. Prosser, and E. S. Mika,
(Contributions by Leon O. Jacobson, Herman Lisco, George
Sacher, Roberta Edwards, La Forne Little, Homer Hipple, and
Oscar Klioze)

Radioautographic Methods

by G. Svihla

The Effect of Folic Acid on the Response of the Peripheral Blood

and Blood-forming Tissue of the Rat to Perenterally
Administered Strontiumé?®

Report No.
AECD-2372

MDDC-1388

AECD-2108

CH-3886

AECD-2011

AECD-2036

CH-3858

AECU-108

ANL-4125

by L. O. Jacobson, S. P. Stearner, E. L. Simmons, and M. H. Black
Plutonium in Puncture Wounds and Lacerations. A Preliminary Study

by R. D. Finkle, J. D. Teresi, R. H. Snyder, and J. J. Nickson
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HISTOPATHOLOGY OF IRRADIATION FROM EXTERNAL AND INTERNAL

SOURCES

Edited by William Bloom

Major Report Number: MDDC-488
Published 1948

McGraw-Hill Book Company, Inc., New York
808 pages plus xxv pages

Chapter
1

2

10
11
12
13
14
15
16
17

18

Introduction
by William Bloom
Materials and Methods
by Raymond G. Murray, Ella Tyree, Marjorie Ismond, and
George Svihla
The Cell
by William Bloem
The Skin
by Ray S. Snider
Bone
by Minnie Heller
Bone Marrow
by Margaret A. Bloom
The Spleen
by Raymond G. Murray
Lymph Node and Intestinal Lymphatic Tissue
by Peter Paul Henry De Bruyn
The Thymus
by Raymond G. Murray
The Gastrointestinal Tract
by Mila Pierce
Structures Accessory to the Gastrointestinal Tract
by Ruth Pinkney Rhoades
The Testis
by Minnie Heller
The Ovary
by William Bloom
The Kidney
by William Bloom
The Lung
by Ruth Pinkney Rhoades
The Vascular System
by Ruth Pinkney Rhoades
The Adrenal
by Ruth Pinkney Rhoades
The Nervous Systcm
by Ray S. Snider
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19 Summary
by William Bloom )
AppX. Experiments listed by Agent, Animal Species, and Mode of
Adminjstration
Bibliography
Alphabetical List of Experiments
Index
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TOXICOLOGY OF URANIUM: SURVEY AND COLLECTED PAPERS

" Edited by Albert Tannenbaum

Published 1951 _
McGraw-Hill Boock Company, Inc., New York
333 pages plus xxvi pages

Chapter .
Part A — Intraduction to the Toxicology of Uranium
(Report # CH-3696)
1 - Introduction and General Considerations
by Albert Tannenbaum and Herbert Silverstone
2 Nature of Uranium Poisoning as Observed in Mice
by Albert Tannenbaum and Herbert Silverstone
3 Factors Affecting Uranium Poisoning
by Albert Tannenbaum and Herbert Silverstone
4 Distribution in Tissues and Excretion of Uranium
by Albert Tannenbaum and Herbert Silverstone
5 Gross and Microscopic Pathology of Uranium Poisoning
by Albert Tannenbaum
6 Biochemical Effects of Uranium Poisoning
by Samuel Schwartz
7 The Mechanism of Action of Uranium and the Transport of
Uranium to the Tissues
by E. S. Guzman Barron
8 Summary of Experimental Studies. Relation to Uranium
Poisoning in Man
by Albert Tannenbaum and Herbert Sl.lverstone
Part B - Collected Papers
Paper
1 Uranium Poisoning. Review of Literature to 1942
by 8. T. Cantril and J. J. Nickson
2 Some Aspects of the Toxicology of Uranium Compounds
by Albert Tannenbaum and Herbert Silverstone
3 Failure to Affect Toxicity of Ingested Uranium Chloride by

Dietary Acid (HC]) or Base (NaHCO3)
by Albert Tannenbaum and Herbert Silverstone
4 Accumulation of Uranium in the Tissues of Mice [ngestmg
Uranyl Nitrate
by Albert Tannenbaum and Herbert leverstone
5 Relation of Uranium Excretion to the Total Amount of Uranium
in the Mouse
by Albert Tannenbaurn and Herbert Silverstone
6 Studies on Acquired Tolerance to Uranium
by Albert Tannenbaum and Herbert Silverstone
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Report No.
Distribution of U233 in Tissues of Micc Following Injection with MDDC-1280

" Uranyl Nitrate MUC-RSS-563
by Albert Tannenbaum, Herbert Silverstone and Janet Koziol
Tracer Studies of the Distribution and Excretion of Uranium AECD-2167
in Mice, Rats, and Dogs CH-3659
by Albert Tannenbaum, Herbert Silverstone and Janet Koziol
The Transport of Uranium to the Tissues MDDC-760
by John A. Muntz and E. S. Guzman Barron CH-3708
Tissue Metabolism of Rats Treated with Uranyl Nitrate - MDDC-757
by Joe Meyer, John A. Muntz, Thomas P. Singer, and CH-3710
E. S. Guzman Barron
The Reversible Inhibition of Enzymes by Uranium AECD-2021
" by Thomas P. Singer, John A. Muntz, Joe Meyer, CH-3739
Betty Gasvoda, and E. S. Guzman Barron
Effect of Uranium on the Metabolism of Yeast and Bacteria MDDC-759
by John A. Muntz, Thomas P. Singer, and E. S. Guzman Barron CH-3716
An Introduction to the Nonclassified Literature Dealing with CH-3712

Biochemical Studies of Experimental Uranium Poisoning
by Samuel Schwartz and Elaine J. Katz

Uranium Distribution Studies MDDC-541
by Renato J. Ferretti and Samuel Schwartz CH-3593
The Effect of Uranium Exposure on Urinary Catalase Excretion MDDC-1375
by Elaine J. Katz, Louise G. Holt, and Samuel Schwartz CH-3594
Studies of Porphyrin Metabolism. The Effect of Metals on MDDC-504
Coproporphyrin Excretion - CH-3600
by Samuel Schwartz and Ralph Zagaria
Index
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ELECTRONICS: EXPERIMENTAL TECHNIQUES
(Los Alamos Technical Series — Volume I, Part I)

Edited by William C. Elmore and Matthew Sands

Published 1949
McGraw-Hill Book Company, Inc., New York

417 pages plus xviii pages

Chapter
1

2

3

Circuit Components and Construction Practice
By William C. Elmore
Circuit Elements
by William C. Elmore and Matthew Sands
Voltage Amplifiers
by William C. Elmore

' Electronic Counters

by Matthew Sands and William C. Elmore
Oscillographs and Associated Equipment
by William C. Elmore :
Test and Calibration Equipment
by Williamn C. Elmore
Power Supplies and Control Circuits
by William C. Elmore
Index .
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IONIZATION CHAMBERS AND COUNTERS: EXPERIMENTAL TECHNIQUES

(Los Alamos Technical Series — Volume 1, Part 1I)
Edited by Bruno B. Rossi and Hans H. Staub

Published 1949
McGraw-Hill Book Company, Inc., New York
243 pages plus xviii pages

Chapter :
| Behavior of Free Electrons and lons in Gases

Operation of lonization Chambers with Constant Jonization
Operation of lonization Chambers with Variable Ionization
Gas Multiplication

Beta-ray, Gamma-ray, and X-ray Detectors

Alpha-particle Detectors

Detectors for Neutron Recoils

Detectors of {n,a) and (n,p) Reactions

Fission Detectors .

Appendix

Index
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MISCELLANEOUS PHYSICAL AND CHEMICAL TECHNIQUES OF THE LOS

ALAMOS PROJECT
(Los Alamos Technical Series — Volume I, Part III)

Edited by Alvin C. Graves and Darol K. Froman

Published 1952
McGraw-Hill Book Company, Inc., New York
323 pages plus xiii pages

Chapter
1 Preparation of Foils
by R. W, Dodson, Alvin C. Graves, L. Helmholz,
D. L. Hufford, R. M. Potter, and J. G. Povelites
2 Neutron Sources
by Alvin C. Graves, R. L. Walker, R. F. Taschek,
A. O. Hanson, J. H, Williams, and H. M. Agnew
3 The Modulated Betatron
by Donald Kerst
4 Modulation and Other Techniques Used with lon
Accelerators
by B. D. McDaniel, Leo S. Lavatelli, and Elizabeth Graves
5 Topics on Vacuum Technique
by Thoma Snyder and David Lipkin
6 Optical Methods and Instruments
by J. E. Mack
Index
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INTRODUCTION TO THE THEORY OF NEUTRON DIFFUSION
(Los Alamos Technical Series — Volume IV)

Edited by K. M. Case, F. de Hoffmann, and G. Placzek

Published 1953
Los Alamos Scientific Laboratory, Los Alamos, NM
174 pages plus viii pages

Section
Part A - Introduction
1 Definitions
Part B — Propagation in the Absence of Scattering Collisions
Chapter I — Streaming in Vacuum

Continuity Equation
Source-Free Streaming
Sources

LR AN M)

Chapter I - Purely Absorbing Medium

Consequences of the Continuity Equation
Point Source

Plane Source

Shell Source

Remarks on the Reciprocity Theorem
Escape Probabilities

10.1 Chord Method

10.2  Slab and Sphere

10.3 Infinite Cylinder

10.4 Hemisphere

10.5 Oblate Spheroid

10.6 Discussion of Results

—
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Part C. - One-Velocity Theory of Neutron Diffusion
Chapter I - Equations for a General Medinm

11 The Transport Equation and Some of Its Properties
12 Integral Equations

Chapter IV ~ Uniform Infinite Medium with Isatropic Scattering

13 Source-Free Solution
14 Isotropic Point Source
15 [sotropic Plane Source
16 Anisotropic Sources

16.1 Anisotropic Plane Source
16.2 Anisotropic Point Source
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Chapter V - Application of the Results Obtained for the Uniform
Infinite Medium to the Solution of Finite Problems

Chapter Report No.
17 Reduction of Finite Problems to an Infinite-Medium Problem
18 Standard Problems
18.1 Source-Free Half-Space
Appx. A
Appx. B
Appx. C
Appx. D
Volume I iz expected {o contain the following sections
(Probably Never Published)
18 Standard Problems (continued)

18.2 Half Space with Sources

18.3 Two Adjoining Half Spaces with Different ¢

18.4 Slab of Thickness a Surrounded by Purely Scattering Medium

18.5 Spheres and Cylinders Surrounded by Purely Scattering Medium
19 Application of Standard Problems

19.1  Critical Problems

19.2 Albedo Problems

19.3 Utlization Problems
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NNES -VI-1

PHARMACOLOGY AND TOXICOLOGY OF URANIUM COMPOUNDS

Edited by Carl Voegtlin and Harold C. Hodge

Published as 4 books — 1949 (books 182) and 1953 (books 3&4)
McGraw-Hill Book Company, Inc., New York

Book 1 - pages 1-524 plus xvii pages

Book 2 - pages 525-1084

Book 3 — pages 1087-1778 plus xviii pages

Book 4 — pages 1779-2466 plus vi pages

Chapter

W

[ B ]

10

11

12

13

Historical Forward
by Harold C. Hodge
Introduction
by Harold C. Hodge

The Chemistry of Uranium Compounds
by Alexander L. Dounce and John F. Flagg
Analytical Methods for Determining Uranium and Fluorine
by John F. Flagg
Statistical Methods
by D. V. Tiedeman, L. S. Kegan, and M. J. Wantman
Pathological Anatomy Following Uranium Pdisoning
by Thomas B. Barnett and Roger G. Metcalf
Characteristics of Uranium Poisoning
by J. Henry Wills
Toxicity Following Parenteral Administration of Certain Soluble
Uranium Salts
by Frances Haven and Harold C. Hodge
Studies of Toxicity of Various Uranium Compounds When Fed to
Experimental Animals '
by Elliott A. Maynard and Harold C. Hodge
The Toxicology of Compounds of Uranium Following Application
to the Skin - :
by James A. Orcutt
The Toxicology of Uranium Compounds Following Application to
the Eye
by James A. Orcutt
Toxicity Following Inhalation
by H. E. Stokinger, A. Rothstein, E. Roberts, C. J. Spieg],
H. P. Dygert, C. W. LaBelle, and G. F. Sprague, Jr.
The Distribution and Excretion of Uranium
by William F. Neuman
Tolerance to Uranium Compounds
by Frances Haven

'The Action of Uranium on Enzymes and Proteins

by Alexander L Dounce and Tien Ho Lan
(Continued)
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Chapter Report No.

14 Catalasuria as a Sensitive Test for Uranium Poisoning MDDC-252
by Alexander L. Dounce, Eugene Roberts, and J. H. Wills
15 The Mechanism of Action of Uranium Compounds in the Animal MDDC-253
Body
by Alexander L. Dounce
16 Studies on Human Exposure to Uranium Compounds MDDC-260

by Joe W. Howland ’
Part I - The Pharmacology and Toxicology of Fluorine and Hydrogen Fluoride

17 Toxicity Following Inhalation of Fluorine and Hydrogen Fluoride = MDBC-330
by Herbert E. Stokinger
Appendix
Organization Charts
Pharmacology Division Personnel

Index
Part IIT - Chrondc Studies
18 Chemistry
by William F. Neuman and Garison H. Tishkoff
19 Biochemical Methods

by Nathan Glover, Frank A. Smith, Walter Mann, and
Luville T. Steadman

20 Oral Toxicity of Uranium Compounds
by Elliott A. Maynard, William L. Downs, and Harold C. Hodge
21 Toxicity Following Inhalation for 1 and 2 Years

by H. E. Stokinger, R. C. Baxter, H. P. Dygert, C. W, LaBelle,
.S. Laskin, U. C. Pozzani, E. Roberts, J. J. Rothermel,
A. Rothstein, C. J. Spiegl, G. F. Sprague 111, H. B. Wilson,
and R. G. Yaeger
22 Insufflation Studies in Rabbits with Dusts of Uranium Compounds
by Herbert E. Thompson and Luville T. Steadman

Part IV - Mechanism and Metabolic Studies

23 Metabolic Studies
by H. L. Berke, A, Rothstein, C. W. Bishop, E. Roberts, and
W. Mann
24 Deposition of Uranium in Bone
by William F. Neuman
25 Studies in Cell Metabolism
by Aser Rothstein
26 Maximum Allowable Concentration of Uranium Dust in Air
by H. C. Hodge, H. E. Stokinger, W. F. Neuman, W. F. Bale, and A. E. Brandt
27 Biclogical Effects of Uranium: Literature Review
by Ann G. Dinse and Leo J. LaFrance
28 Special Materials
by Herbert E. Stokinger and Charles J. Spiegl
29 Resume of Chapters 18 to 28
: by Harold C. Hodge
Appendix
Organization Charts
Pharmacology Bivision Personnel
Cumulative Index, Parts | to 1V

Page 145 of 173



NNES - VI -2
BIOLOGICAL EFFECTS OF EXTERNAL RADIATION
Edited by H. A. Blair

Published 1954
McGraw-Hill Book Company, Inc., New York
S08 pages plus xvii pages

Chapter ’ . Report No.
Part I - Single Doses of Whole-Body X Radiation

1 Studies on the Effects of Massive Doses of X Radiation on
Mortality of Laboratory Animals
by Robert D. Boche and Francis W, Bishop

2 Pathological Changes Exhibited by Animals Exposed to Single
Doses of X Radiation
by Roger G. Metcalf, Richard J. Blandau, and Thomas B. Barnett
3 Effects of Acute Exposure to X Radiation on the Peripheral Blood
of Experimental Animals
by M. Ingram and W. B. Manson
4 Callicrein and Radiation
by Kathryn F. Fink
5 Cross-circulation Experiments
) by John S. Lawrence and William N. Valentine
6 Finger Ridge Changes in Monkeys Following X Radiation
by Roger A. Haxvey
7 Experiments on the Validity of the Linear Relation of Mutatlon

Frequency to X-ray Dose in Drosophila melanogaster
by Warren P. Spencer and Curt Stern
8 Comparison of X- and Beta-radiation Effects in Rabbits
by Francis W. Bishop

Part II - Chronic X Radiation
9 = Observations on Animals Exposed to Whole-body X Radiation in

Divided Doses over Long Periods: Introduction and Techniques
by Andrew H. Dowdy, Robert D. Boche, and Francis W. Bishop

10 Effects of Chronic Exposure to X Radiation on Growth and Survival
by Robert D. Boche

11 Effects of Chronic Exposure to X Radiation on the Peripheral Blood of

Experimental Animals

by M. Ingram and W. B. Mason

12 Pathology in Animals Subjected to Repeated Daily Exposure ta X Rays

" by Roger G. Metcalf and Frank A. Inda

13 Blood Chemistry Study in Dogs Exposed to Chronic X Radiation
by Kathryn F. Fink

14 Effect of Short-wavelength Radiations on Human Finger Ridge Dctail

by Roger A. Harvey

(Continued)
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Chapter ) Report No.
15 Influence of Chronic Irradiation with Gamma rays at Low Dosages

on Mutation Rate in Drosophila melanogaster
by Ernst Caspari and Curt Stern

Part II - Fractionated Doses of Fast Neutrons

16 Fast-neutron-irradiation Procedure
by Ellice McDonald
17 Clinical, Pathological, and Hematological Effects of Chronic Neutron
Radiation

by J. O. Ely, M. H. Ross, Roger G. Metcalf, Frank A. Inda,
Thomas B. Barrett, and George W. Casarett
Index .
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NNES-VI-3

BIOLOGICAL STUDIES WITH POLONIUM, RADIUM, AND PLUTONIUM

Edited by Robert M. Fink

Published 1950
McGraw-Hill Book Company, Inc., New York
411 pages plus xvi pages

Chapter
Part I - Distribution and Excretion of Polonium

Introduction
by H. E. Silberstein
1 General Methods Used in Polonium Distribution and Excretion
Experiments
by A. T. Gorham, Robert M. Fink, C. P. Kimball, W. L. Minto,
H. E. Silberstein, E. K. Vittum, W. F. Bale, T. Enns, and
E. L. Alling
2 Polonium Distribution and Excretion Experiments with Animals
by H. E. Siberstein, W. L. Minto, Robert M. Fink, G. A. Boyd,
R. G. Metcalf, W. Mann, C. P. Kimball, and A. T. Gorham
3 Studies of Polonium Metabolism in Human Subjects
by H. E. Silberstein, W. N. Valentine, W. L. Minto,
J. S. Lawrence, Robert M. Fink, and A. T. Gorham

Part I - Distribution and Excretion of Radium

4 Historical Background
by H. E. Silberstein
S General Methods Used in Radium Distribution and Excretion
Experiments
by H. E. Silberstein
6 Radium Distribution and Excretion Studies with Rats

by H. E. Silberstein

Part IIT - Toxicity of Polonium, Plutonium, and Radium in Rats

7 Pilot Studies on the Intravenous Lethal Dosage of Polonium,
Plutonium, and Radium in Rats
by G. A. Boyd, H. E. Silberstein, Robert M. Fink, A. Frenkel,
W. L. Minto, R. G. Metcalf, G. Casarett, and G. M. Suter
8 Simultaneous Studies on the Intravenous Lethal Dosage of
Polonium, Plutonium, and Radium in Rats
by G. A. Boyd, A. Williams, W. L Minto, D. V. Tiedeman,
Robert M. Fink, G. Casarett, and R. G. Metcalf
Appendix
Index
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NNES - VII - 1

PREPARATION, PROPERTIES, AND TECHNOLOGY OF FLUORINE AND

ORGANIC FLUORO COMPOUNDS

Edited by Charles Slesser; Associate Editor, Stuart R. Schram

Published 1951
McGraw-Hill Book Company, Inc., New York
868 pages plus xxiii pages

Chapter
1 Survey of the Problem
by R. Rosen :
Part I - Generation of Fluorine
2 Laboratory Studies of Electrolytic Fluorine Cells
by W. C. Schumb ‘
3 A 1,500-amp Cell for Fluorine Generation
by R. C. Downing
4 Development of a 2,000-amp Fluorine Cell
by R. L. Murray, S. G. Osborne, and K. E. Stuart
5 Fluorine Production in a 1,000-amp Cell _
by K. E. Long, C. F. Swinehart, and G. C. Whitaker
6 Development of High-temperature Fluorine Cells
by W. B. Burford 11, R. D. Fowler, H. C. Anderson,
J. M.-Hamilton, Jr., and C. E. Weber
Part II - Handling of Fluorine
7 Industrial Handling of Fluorine
: by R. Landau and R. Rosen ]
8 Purification and Compression of Fluorine
by R. C. Downing
9 Mechanical Fluorine Compression
by R. L. Murray, S. G. Osbome, and M. M. Brandegee
10 Luting for Pipe Threads in Fluorine Lines
by C. E. Weber, W. B. Burford IIl, and S. B. Bitterlich
11 Solubility of Fluorine Gas in Various Fluorocarbons and
' Concentrated Acids
by W. B. Burford L, C. E. Weber, H. C. Anderson, and
M. B. Rogers
12 Disposal of Fluorine by Caustic Scrubbing

by W. B. Burford IiI and J. M. Hamilton, Jr.

Report No.
AECD-2339

MDDC-328
MDDC-552
MDDC-172
MDDC-156

MDDC-635

MDDC-154
MDDC-255

MDDC-224

MDDC-230

MDDC-559

Part OTA - Partial Fluorination of Organic Compounds by Replacement

of Chlorine: Institutional Research
13 Preparation of Bis(trichloromethyl)benzen'es
by E. T. McBee, H, B. Hass, P, E. Weimer, G. M. Rothrock,
R. M. Robb, and A. R, Van Dyken .

(Conﬁ'nued)
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Chapter
14

15

16

17

18

19

20

21

Preparation of Bis(trifluoromethyljbenzenes
by E. T. McBee, H. B. Hass, P. E. Weimer, G. M. Rothrock,
and W. E. Burt
Preparation of Polychloro-bis(trichloromethyl)benzenes
by E. T. McBee, H. B. Hass, P. E. Weimer, W. E. Burt,
Z. D. Welch, R. M. Robb, and F. Speyer
Fluorination of Polychloro-bis(trichloromethyl)benzenes
by E. T. McBee, H. B. Hass, and P. E. Weimer
Chlorofluoro Derivatives of Ethylbenzene
by E. T. McBee, H. B. Hass, G. M. Rothrock, J. S. Newcomer,
W. V. Clipp, Z. D. Welch, and C. 1. Gochenour
Chlorination of n-Heptane
by E. T. McBee, W. E. Burt, 2. D. Welch, H. B. Hass,
C. I. Gochenour, W. V. Clipp, D. W. Pearce, R. E. Burms,
1. B. Silverberg, and R. Tekel
Fluorination of Polychloroheptanes with Hydrogen Fluoride
by E. T. McBee, R. C. Schreyer, W. S. Barnhart,
A. R. van Dyken, Z. D. Welch, A. A. Alberts, G. M. Rothrock,

R. E. Hatton, R. Mezey, T. S. Taylor, D. W. Pearce, W. E. Burt,

C. I. Gochenour, R. M. Robb, and P. E. Weimer
Fluorination of Polychlorocheptanes and Polychloropolyfluoro-
heptenes with Antimony Pentafluoride
by E. T. McBee, L. R. Evans, Z. D. Welch, and W E. Burt
Fluorination of Chloroperfluoroheptanes with Antimony
Pentafluoride
by E. T. McBee, L. R, Evans, C. 1. Gochenour, W. E. Burt, and
Z. D. Welch

Report No.

MDDC-164

MDDC-220

MDDC-165

MDDC-218

MDDC-219

MDDC-158

MDDC-159

MDDC-161

Part IIIB — Partial Fluorination of Organic Compounds by Replacement of Chlorine:

22

23

Industrial Development

Comumnercial Preparation of Bis(trifluoromethyljbenzenes
by R. L. Murray, W. S. Beanblossom, and B. H. Wojcik
Preparation of n-Polychloropolyfluoroheptene
by J. H. Babcock, W. S. Beanblossom, and B. H. Wojcik

MDDC-225

MDDC-202

Part IVA — Realization of Perfluorocarbons: Institutional Research

24

25

26

27

Vapor-phase Fluorination Using Cobalt Trifluoride
by R. D. Fowler, W. B. Burford IIf, J. M. Hamilton, Jr.,
R. G. Sweet, C. E. Weber, J. S. Kasper, and 1. Litant
Pilot-plant Synthesis of Perfluoroheptane, Perfluoro(dimethyl-
cyciohexanef and Fluorocarbon Oils Boifing up to 350" C
by W. B. Burford 111, R. D. Fowler, J. M. Hamilton, Jr.,
H. C. Anderson, C. E. Weber, and R. C. Sweet
Vapor-phase Fluorination Using Metallic Fluorides Other than
Cobalt Trifluoride
by R. D. Fowler, W. B. Burford III, H. C. Anderson,
J. M. Hamilton, Jr., A. Spadetti, S. B. Bitterlich, and 1. Litant
Fluorination of Polychloropolyﬂuoroheptenes with Cobalt
Trifluoride and Silver Difluoride
by E. T. McBee, B. W. Hotten, L. R. Evans, A. A., Alberts,
Z.D. Welch, W. B. Ligett, R. C. Schreyer, and K. W. Krantz

Page 150 of 173

MDDC-214

MDDC-600

MDDC-565

MDDC-160



Part IVB — Realization of Perfluorocarbons: Industrial Development

Chapter ) Report No.
28 Vapor-phase Fluorination of n-Heptane Using Cobalt Trifluoride MDDC-1637
by Louis Spiegler )
29 ‘Vapor-phase Fluorination of Bis(trifluoromethyl)benzenes Using MDDC-1637
Cobalt Trifluoride
by Louis Spiegler
30 Preparation of Perfluoro Solvents, Oils, and Waxes from MDDC-1637

Petroleum Fractions
by Louis Spiegler
31 Preparation of Chlorofluorocarbons MDDC-209
by R. C. Downing

Part V — Preparation and Properties of Chlorotrifluoroethylene Polymer

32 Preparation of Fluorocarbons by Polymerization of Olefins MDDC-1177
by William T. Miller, Jr.
33 Industrial Preparation of Chlorotrifluoroethylene Polymer Oils MDDC-142

by E. A, Belmore, W. M. Ewalt, and R. L. Murray

Part VI~ Miscellaneous Investigations

34 Early Fluorocarbon Studies at Columbia University MDDC-319
‘ by G. H. Cady, A. V. Grosse, Leland L. Burger, and
E. J. Barber
35 Vapor Pressures and Critical Constants of Fluorocarbons MDDC-213

by R. D. Fowler, J. M. Hamilton, Jr., J. S. Kasper,
C. E. Weber, W. B. Burford I}, and H. C. Anderson
36 ldentification and Reactions of Polyhalohydrocarbons and MDDC-162
Halocarbons Produced from n-Heptane
by E. T. McBee, R. C. Schreyer, B. W. Hotten, W. S. Barnhart,
K. W. Krantz, L. R. Evans, and Z. D. Welch

37 Addition of Chlorine to Dichloro-bis(trifluoromethyl)benzenes MDDC-166
by E. T. McBee, H. B. Hass, and P. E. Weimer
38 - Reaction of Polyhalogenated Aromatic Compounds with Antimony MDDC-167
Pentafluoride -
by E. T. McBee, J. S. Newcomer, W. E. Burt, and Z. D. Welch
39 Effect of Hydrogen Content on Stability of Perfluoro Oils

by C. E. Weber, W. B. Burford 111, J. M. Hamilton, Jr.,
H. C. Anderson, M. B. Rogers, and 1. Litant
40 Preparation of Sodium Trifluoroacetate MDDC-190
by J. H. Babcock, C. 1. Gochenour, and A. D. Kischitz
Appendix A
Appendix B
Index
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NNES - VII - 2A
URANIUM TECHNOLOGY: GENERAL SURVEY

By J. E. Vance and J. C. Warner
Edited by L. G. Bassett and A. M. Wald

Report Number: TID-5231
Published 1951 - Secret, declassified, 7/1960
USAEC Technical Information Service, Oak Ridge

238 pages
Chapter Report No.
1 Extraction of Uranium from Domestic Uranium-ore Concentrates
by J. E. Vance
2 Extraction of Uranium from Pitchblende and Torbernite Ores
by the Sulfuric Acid Process
by J. E. Vance
3 Preparation of Pure U3Os from Crude Us0Og and from Sodium
Diuranate '
by J. E. Vance
4 Preparation of Pure UQ; Directly from Pitchblende Ores
by J. E. Vance
5 Preparation of Pure Uranium Compounds from Pure Uranyl
Nitrate Hexahydrate
by J. E. Vance
6 Early Methods for Producing Uranium Metal
by J. C. Warner
7 Methods for Production of Uranium Metal
by J. C. Warner
8 Large-scale Melting and Casting of Uranium Metal
by J. C. Wamer
9 Recovery of Uranium from Residues and Scrap Materials
by J. E. Vance
10 Miscellaneous Problems
by J. E. Vance
Index
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NNES - VII - 3

POLONIUM

Edited by Harvey V. Moyer

Report Number: TID-5221

Published 1956 )

'USAEC Technical Information Service, Oak Ridge

392 pages plus x pages

POLONIUM, CHAPTER 14, THE PRODUCTION OF POLONIUM
by J. W. Wright and G. D. Nelson

Report Number: TID-5316
Published 1955 - Secret, declassified 1960

69 pages
Chapter
1 Survey of Early Operations
. by Harvey V. Moyer
‘2 Nuclear Properties of Polonium
by James M. Goode
3 Physical Properties of Polonium
by James M. Goode
4 Chemical Properties of Polonium
by Harvey V. Moyer
5 Biological Research Related to Polonium
by Edward Spoerl and David S. Anthony
6 Polonium from Lead Residues
by Harvey V. Moyer
7 Polonium from Irradiated Bismuth: Chemical Separation
by Lloyd B. Gnagey, James M. Goode, G. D. Nelson, and
J. W. Wright
8 Polonium from Irradiated Bismuth: Studies on Separation by
Distillation
by P. M. Engle, R. W. Endebrock, and G. C. Cox
9 Instrumentation
by Warren L. Hood and Adrian J. Rogers
10 Calorimetry
by Adrian J. Rogers
11 Waste Disposal .
by F. M. Huddleston, R. R. Deem, P. M. Hamilton, and
F. C. Mead, Jr.
12 Neutron Sources and Alpha Sources
. by John L. Richmond
13 Health Physics

by Warren L. Hood and John S. Stanton
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Chapter
Appx. A
Appx. B
Appx. C
Appx. D
Appx. E

Appx. F

14

Observed Lines of Po

Energy Levels of Po |

Observed Band Heads of Polonium

Vibrational Energy Levels of Ground State of Po,210

Vibrational Energy Levels of Excited State of P022!0 Referred to
Lowest Level of Ground State .

Comparison of Observed and Calculated [sotope Shifts

Index

Polonium. Chapter 14. The Production of Polonium
by J. W. Wright and G. D. Nelson
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NNES ~ VII - 4

THE METALLURGY OF ZIRCONIUM
(Title on Cover: METALLURGY OF ZIRCONIUM)

Edited by Benjamin Lustman and Frank Kerze, Jr.

Published 1955
McGraw-Hill Book Company, Inc., New York
776 pages plus xviii pages

Chapter Report No.
1 Zirconium and Its Application to Nuclear Reactors
by H. Etherington, R. C.. Dazell, and D. W. Lillie
2 Application of Zirconium for Other Uses
by R. 1. Jaffee
3 Occurrence of Zirconium
by M. H. Kline
4 Zirconium Production Methods
by S. M. Shelton ‘
5 Iodide-Decomposition Process for Production of Zirconium

by Z. M. Shapiro

6 Melting and Shaping of Zirconium and Its Alloys
by R. B. Gordon
7 Joining and Finishing of Zirconium
8 Physical Metallurgy of Zirconium and [ts Alloys
by A. R. Kaufmann and T. T. Magel
9 Zirconium Alloy Systems
by E. T. Hayes
10 Mechanical Properties of Zirconium and Its Alloys
by W. Chubb, G. T. Muehlenkamp, F. R. Shober, and A, D. Schwope
11 Corrosion of Zirconium and Its Alloys
Edited by Benjamin Lustman
12 Analytical Chemistry of Zirconium
by E. B. Read
Appx. A  Metallography of Zirconium
by H. P. Roth
Appx. B Industrial Hygiene and Safety
: . by E. E. Barnes
Appx. C  Engineering Data Sheets
Appx. D Glossary
Appx. E  Contributing Authors

Name Index
Subject Index

Page 161 of 173



NNES - VIII -1

ANALYTICAL CHEMISTRY OF THE MANHATTAN PROJECT

Edited by C. J. Rodden, N. H. Furman, E. H. Huffman, T. D. Price,

L. L. Quill and J. 1. Watters

Published 1950
McGraw-Hill Book Company, Inc., New York
748 pages plus xx pages

"Chapter 41

Published 4/1946 - Secret, declassified

23 pages

Chapter

Report No.

Part I - Analytical Chemistry of Elements Studied on the Manhattan Project

1

2

3

10

11

12

13

14

15

Uranium
by C. J. Rodden and J. C. Warf
Thorium
by C. J. Rodden and J. C. Warf
Nitrogen
by K. J. Jensen and R. J. Mundy
Silicon
by K. J. Jensen end C. J. Rodden
Fluorine and Fluorocarbons :

by G. W. Busch, R. C. Carter, F. E. McKenna, H. R. Priest,

and E. Staple

Carbon, Hydrogen, and Oxygen

by C. J. Rodden
Chlorine, Bromine, and lodine

by R. G. Mansfield and D. H. Templeton
Sulfur, Selenium and Tellurium

by F. E. McKenna and D. H. Templeton
Phosphorous, Arsenic, Antimony, and Bismuth

by D. H. Templeton and L. G. Bassett
Sodium, Potassium, Rubidium, and Cesium

by L. G. Bassett and W. Byerley
Beryllium, Magnesium, Calcium, Strontium, Barium, and

Radium

by L. W. Neidrach, A. M. Mitchell, and C. J. Rodden
Germanium, Tin, and Lead

by R. E. Telford and N. H. Furman
Aluminum, Gallium, Indium, and Thallium

by L. G. Bassett and F. S. Tomkins
Zinc, Cadmium, and Mercury

by N. H. Furman and K. J. Jensen
Copper, Silver, and Gold

by T. D. Price and R, E. Telford
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Chapter
16

17
18
19
20
21

22

Iron, Cobalt, and Nickel

by R. W. Bane and W. R. Grimes
Manganese, Technetium, and Rhenium

by R. W. Bane and C. J. Rodden
Chromium, Molybdenum, and Tungsten

by K. J. Jensen and B. Weaver
Vanadium, Columbium, and Tantalum

by S. W. Rasmussen and C. J. Rodden
Titanium, Zirconium, and Hafnium

by R. L. Barnard and R. E. TeYford
The Platinum Metals

by G. W. Cressman and C. J. Rodden
Scandium, Yttrium, and the Rare Earths

by L. L. Quill and C. J. Rodden

Report No.
MDDC-596
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MDDC-373
MDDC-483
MDDC-369

AECD-2618

Part I - Special Analytical Laboratory Equipment and Techniques

23

24

25

26

27

28

29

41

_

Electrolytic Separation Methods

by C. C. Casto
Photometric Methods

by M. Fred and C. J. Rodden
Electrometric Methods

by N. H. Furman and J. I. Watters
Spectrochemical Methods

by M. Fred and B. F. Scribner
Low-pressure Methods

by D. H. Templeton and J. I. Watters
Radiochemical Analytical Methods

by G. E. Boyd and D. N. Huime
Other Methods

by J. Schubert, F. E, McKenna, L. L. Quill, and J. C. Warf

Index

The Analysis of Graphite
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NNES - VIII - 5

THE CHEMISTRY OF URANIUM. PART I. THE ELEMENT, ITS BINARY AND

RELATED COMPOUNDS
By Joseph J. Katz and Eugene Rabinowitch
Published 1951

McGraw-Hill Book Company, Inc., New York
609 pages plus xxi pages

Chapter
Part 1 — The Element Uranium
1 Isotopic Composition and Atomic Weight of Natural Uranium
2 Properties of the Uranium Atom
3 Uranium in Nature
Part 2 — Uranium Metal
4 Extraction of Uranium from Ores and Preparatiori of Uranium
Metal ’
S Physical Properties of Uranium Metal
6 Chemical Properties of Uranium Metal
7 Intermetallic Compounds and Alloy Systems of Uranium
Part 3 — Binary Compounds of Uranium other than Halides
8 The Uranium-Hydrdgen System
9 Uranium Borides, Carbides, and Silicides
10 Uranium Compounds with Elements of Group Va
11 Uranium Oxides, Sulfides, Selenides, and Tellurides
Part 4 ~ Uranium Halides and Related Compounds
12 Nonvolatile Fluorides of Uranium
13 Uranium Hexafluoride
14 Uranium-Chlorine Compounds
15 Bromides, Iodides, and Pseudohalides of Uranium
16 Uranium Oxyhalides
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NNES - VIII - 7

CHEMISTRY OF URANIUM: COLLECTED PAPERS
Edited by Joseph J. Katz and Eugene Rabinowitch

Report Number: TID-5290

Published 1958 in 2 books

USAEC Technical Information Service, Qak Ridge
769 pages plus xv pages

Book 1 - Papers 1-49

Book 2 — Papers 50-81

Paper ’ Report No.

1 Preparation, Purification, and Properties of Anhydrous Uranium
Chlorides
by O. Johnson, T. Butler, and A. S. Newton
2 Some Reactions of Uranium Metal
by J. C. Warf
3 X-ray Investigation of the Uranium-Hydrogen System: The

Structure of UHj;
by R. E. Rundle, A. S. Wilson, and R. A. McDonald
4 Reduction of Uranium Hexafluoride to Uranium Tetrafluoride
by I. B. Johns, A. D. Tevebaugh, E. Gladrow, K. Walsh,
P. Chiotti, B. Ayers, F. Vaslow, and R. W. Fisher

5 Conversion of UF4 to U3Opg
by A. D. Tevebaugh, R. D. Tevebaugh, W. D. Cline, and
J. C. Warf '
6 The Uranium-Nitrogen System

by R. E. Rundle, N. C, Baenziger, A. S. Newton, A. H. Daane,
T. A. Butler, I. B. Johns, W. Tucker, and P. Figard
7 X-ray Analysis of the Uranium-Carbon System
by R. E. Rundle, A. S. Wilson, N. C. Baenziger, and
A. D. Tevebaugh

8 X-ray Studies of Alpha, Beta, and Gamma Uranium
by A. S. Wilson and R. E. Rundle '
9 Use of Uranium and Uranjum Compounds in Purifying Gases
by A. S. Newton
10 Preparation and Properties of Uranium Trifluoride
by J. C. Warf
11 Preparation and Some Properties of UBrs, UBr4, and UOBr,,
and UO2Br; - ' '
by F. H. Spedding, A. S. Newton, R. Nottorf, J. Powell, and
V. P. Calkins ‘
12 Preparation and Properties of Some Mixed Uranium Halides
by J. C. Warf and Norman Baenziger
13 X-ray Study of the Uranium-Oxygen System

by R. E. Rundle, N. C. Baenziger, and A. S. Wilson
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Paper
14

15

16
17

18

19

20

21

22

23
24
25
26

27

28

29

30

31

32

Report No.
Uranium Hydride. I. Preparation, Composition, and Physical
Properties
by F. H. Spedding, A. S. Newton, J. C. Warf, O. Johnson,
R. W. Nottorf, 1. B. Johns, and A. H. Daane
Uranium Hydride. II. Radiochemical and Chemical Properties
by A. S. Newton, J. C. Warf, F. H. Spedding, O. Johnson,
1. B. Johns, R. W. Nottorf, J. A. Ayers, R. W. Fisher and
A. Kant
Uranium Hydride. 1ll. Dispersions in Mercury
by J. C. Warf, A. S. Newton, T. A, Butler, and F. H. Spedding
Uranium Borohydride and Its Alkyl Derivations
by H. I. Schlesinger and Herbert C. Brown
Experiments on the Electrodeposition of Uranium from Aqueous
Solutions
by Oscar A. Cook
Note on the Composition of Uranium Peroxides
by J. W. Hamaker and C. W. Koch
The Acetate Complexes of Uranyl Ion and the Solubility of Sodium
Uranyl Acetate
by R. E. Connick and A. C. Wahl
Electromotive Force of Cells with Uranium-Uranium Halide Couples
in Fused-salt Electrolytes
by E. D. Eastman, J. A. Campbell], D. D. Cubicciotti, and
M. J. Sienko

- Solubility of Uranyl Oxalate and the Existence of Undissociated

Uranyl Oxalate in Solution
by G. C. Pimentel and F. R. Stevenson

Note on the Determination of Nitric Acid in Uranyl Nitrate Solutions

by Robert E. Connick

Lower Oxidation States of Uranium in Its Molten Tribromide

by E. D. Eastman, C. D. Thurmond, and R. A. Webster

Note on the Solubility of Uranium Tribromide in Fused Salits

by E. D. Eastman, A. E. Stickland, and C. D. Thurmond

Rate of Reduction of Water by UBrs and UCls

by E. D. Eastman and C. D. Thurmond
Observations on the Preparation of the Tribromide and Triiodide
of Uranium
by E. D. Eastman, B. J. Fontana, and R. A. Webster
Electrolysis of Uranium Halides
by E. D. Easttman and R. A. Webster

Attempts to Reduce Uranium from Bromide Solutions in Ethyl

Bromide and Related Solvents
by J. A. Campbell .

Electrolysis of Nonaqueous Solutions of Uranium Bromides and
Reaction of Alkali Metals with Uranium Bromides in Liquid
Ammonia

by E. D. Eastman and B. J. Fontana

Equiljibrium Pressures in the System Uranium-Uranium Bromide

by E. D. Eastman and A. E. Stickland

Preparation and Properties of Sulfides and Oxysulfides of
Uranium

by Leo Brewer, L. A. Bromley, E. D. Eastman, P. W. Gilles, and
Norman L. Lofgren

{Continued)
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Paper Report No.
33 Thermodynamic Properties and Equilibriums of Uranium Halides,
Oxides, Nitrides, arid Carbides at High Temperatures
by Leo Brewer, LeRoy A. Bromley, Paul W. Gilles, and
Norman L. Lofgren
34 Charge on Uranium (VI) in Acid Solution and Activity of
Uranium (V1) - TTA Chelate in Benzene Solutions of TTA
by Edward L. King
35 Heats of Reaction of the Oxidation-Reduction Couples H20-H202,
Fe*2-Fe*3, Ce*3-Ce*4, and U*4-UO,*2
by B. J. Fontana
36 Heats of Reaction of the Aqueous Uranium Oxidation-Reduction
Couples
by B. J. Fontana
37 Note on the Separation of Hydrogen Fluoride from Uranium
Hexafluoride
by Aristid V. Grosse
38 A Method for Handling and Purifying UFs in Glass Vessels by Means
of Alkali Fluoride Getters
by Aristid V. Grosse

39 Exchange of Uranium Between UFs and UFs
by Aristid V. Grosse
40 UFs, A New Fluoride of Uranium
by Aristid V. Grosse
41 Note on the Use of Silica-free Glasses for Handling Anhydrous

Hydrogen Fluoride and Uranium Hexafluoride
' by Aristid V. Grosse
42 Structure of Uranium Hexafluoride as Determined by the Diffraction

of Electrons on the Vapor
by S. H. Bauer
43 Analysis of X-ray Powder Diffraction Data on Crystallme Uranium
Hexafluoride
by S. H. Bauer
44 The Structure of Crystalline Rubidium Uranyl Nitrate
by J. L. Hoard and J. D. Stroupe
45 The Structure of Crystalline Uranium Hexafluoride
by J. L. Hoard and J. D. Stroupe
46 Attempted Preparation of a Volatile Uranium Carbonyl

by George Calingaert, Harold Soroos, Frederick J. Dykstra,
Vincent Hnizda, and John V. Capinjola

47 Thermal Electromotive Force of Uranium Against Platinum
by H. E. Cleaves and A, 1. Dahl
48 Low-temperature Heat Capacities, Enthalpies, and Entropies of
UF4 and UFs
by Ferdinand G. Brickwedde, Harold J. Hoge, and Russell B. Scott
49 Properties of Uranium Pentaethoxide
by T. I. Taylor, E. R. Smith, J. L. Torgesen, H. Matheson and
J. K. Taylor
50 Electromotive Force in Hydrochloric Acid Solution of the Reaction

Between Chlorine and Uranous Chloride and Between Hydrogen
and Uranyl Chloride
by John Keenan Taylor and Edgar Reynolds Smith
S1 Dipole Moment and Molecular Structure of Uranium Hexa.ﬂuonde
' by Charles P. Smyth and N. Bruce Hannay
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Paper ’
52 Electrolytic Reduction of Uranyl lon
by Ambrose R. Nichols, Jr.
53 Auto-oxidation of Uranous Salts in Water Solution
by Ambrose R. Nichols, Jr.
54 Preparation and Properties of the Uranium Halides
by Norman W. Gregory
55 Preparation of Uranium Metal by Thermal Dissociation of the lodide
by C. H. Prescott, Jr., F. L. Reynolds, and J. A. Holmes
56 Absorption Spectrums of Uranium Compounds in Aqueous Solution
by Ambrose R. Nichols, Jr., and Clare Gropp
57 . The Solubility of Uranium (IV) Oxalate
by G. D. Dorough
58 Thermodynamic Properties of Uranium Compounds *
by George E. MacWood
59 Thermodynamics of Intermediate Uranium Fluorides from
Measurements of the Disproportionation Pressur
by Paul A. Agron :
60 . Thermal Conductivity of Uranium Hexafluoride
: by Paul A. Agron and Alfred H. Taylor
61 Viscosity of Gaseous Uranium Hexafluoride
by Albert L. Myerson and John H. Eicher
62 The Intermediate Uranium Fluoride Compounds o-UFs, B-UFs,
UaFg, and UaF17
by P. Agron, A. Grenall, R. Kunin, and S. Weller
63 Self-diffusion Coefficient of Uranium Hexafluoride
by Edward P. Ney and Fontaine C. Armistead
64 Reaction of Uranium Sulfates with Sodium Hydroxide
by Edward J. King .
65 Ignition of U3Os in Oxygen at High Pressures and the Crystallization
of UO3
by S. Fried and N. R. Davidson
66 Absorption Spectrums of Uranium (III) and Uranium (IV) in Molar
Hydrochloric Acid .
by J. J. Howland, Jr.
67 The Reaction of UF4 with Dry O,: A New Synthesis of UFs
by S. Fried and N. R. Davidson
68 Formal Potentials of the Uranium (III)-Uranium (IV) Couple and
the Uranium (IV) - Uranjum (VI) Chemical Reaction in Hydrochloric
Acid Solution '
by J. J. Howland, Jr., and L. B. Magnusson
69 Composition and Thermal Decomposition of Uranyl Peroxide
by R. F. Leininger, J. P. Hunt, and D. E. Koshland, Jr.
70 Measurement of Surface Tension of UFs at Two Temperatures
by H. F. Priest
71 Thermal Conductivity of Liquid UFs
~ by Homer F. Priest
72 Report on Determination of Densities of Several Uranium Compounds
by Homer F. Priest and G. L. Priest
73 Measurement of the Density of Liquid UFe
by Homer F. Priest and G. L. Priest
74 The Vapqr Pressure of Uranium Hexafluoride in Equilibrium with
Uranium Pentafluoride
by H. F. Priest
(Continued)
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Paper
75

76

7

78

79

80

81

Report No.
Preparation of Uranium Pentafluoride
by Homer F. Priest
Some Studies of the Reactions of Uranium Oxides with Hydrogen,
Oxygen, and Water
by Daniel M. Gillies
Vibrational Spectrum and Thermodynamic Properties of Uranium
Hexafluoride Gas
by Jacob Bigeleison, Maria Goeppert Meyer, Peter C. Stevenson,
and John Turkevich
Physical Constants of Uranium Tetrachloride
by H. S. Young and H. F. Grady
Preparation of Uranium Trichloride by Reduction of the Tetrachloride
with Metals . .
by H. S. Young .
Purification of Uranium Tetrachloride by Fractional Condensation
by H. S. Young
Dissolution of Uranium Tetrafluoride
by V. P. Calkins
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NNES - VIII - 8

MEDICAL EFFECTS OF THE ATOMIC BOMB IN JAPAN
Edited by Ashley W. Oughterson and Shields Warren
Published 1956

McGraw-Hill Book Company, Inc., New York
477 pages plus xvi pages

Chapter Report No.
1 Summary
2 Prelude to Medical Investigation
3 Scope of Damage and the Effects on Medical Care and Facilities
4 Number and Types of Casualties
S Clinical Observations in Hiroshima and Nagasaki
6 Hematology of Atomic-bomb Injuries
7 Pathology of Atomic-bomb Injuries
Appx. A  Organization and Personnel of the Joint Commission and
. Collaborating Groups
Appx. B Materials and Methods of Investigation
Appx. C  Reports of Japanese Scientists and Physicians
Appx. D  Studies of Population and Casualties
Appx. E  Statistical Survey of Survivors
Appx. F  Summary Tables for Chapters 4 and 5

Index
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LIQUID THERMAL DIFFUSION

Report Number: TID-5229
Edited by Philip H. Abelsom, Nathan Rosen, and John 1. Hoover

Published 1951 - Secret, declassified, 6/1957
USAEC Technical Information Service, Oak Ridge
176 pages plus 4 pages

Chapter Report No.
Part I - General Theory and Project History

A Survey of the Literature Relevant to Liquid Thermal Diffusion
Early History of the Liquid Thermal Diffusion Project :

N =

Part I - Theoretical Aspects

3 The Column

4 Approach to Equilibrium by a Single Column

5 Effect of Circulation

6 The Continuous Pyramid

7 Performance Criteria

8 Columns in a Pyramid

9 Design and Performance of Small Pyramids

10 Approximate Treatment of Small Pyramids Approaching Equilibrium

11 The Stripper Section

12 Nonuniform Columns in Parallel Operation
Index
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NNES-X -1
DEVELOPMENTS IN THE CENTRIFUGE SEPARATION PROJECT

Report Number: TID-5230
By J. W. Beams, A. C. Hagg, and E. V. Murphee
Edited by A. M. Wald

Published 1951 — Secret, declassified, 11/195_9
USAEC Technical Information Service, Oak Ridge

260 pages
Chapter _ Report No.
Part I - Centrifuge Separation Methods

1 Evaporative-centrifuge Method

2 Flow-through or Concurrent Method of Centrifuging

3 Countercurrent-flow Method Applied to H2-CO2 Mixtures

4 Uraniume-isotope Separation by Countercurrent Refluxing Using
32-inch Tubular Centrifuge

5 Uranium-isotope Separation by Countercurrent Refluxing Using
136-inch Tubular Centrifuge

Part I - The Westinghouse Gas Separators
6 The 42-inch Gas Separator
7 The 132-inch Gas Separator

Part IIT ~ Large-Scale Application of High-Speed Gas Centrifuge

8 Separation Theory

9 Process Design of Centrifuge

10 Pilot-plant Operation of Gas Centrifuge
11 Large-scale Plant Studies

Appx. A Continuous Measurement of Isotopes Concentration

Appx. B Self-diffusion Coefficient of Uranium Hexafluoride

Appx. C  Thermal Flowmeter for Uranium Hexafluoride

Appx. D A Thermomechanical Method of Concentrating Isotopes
Index
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